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Description

[0001] The present invention relates to an intermediate transfer unit usad in an image formation apparatus using an
electrophotographic method, such as a copying machine, a printer and a facsimile. The present invention also relates
to a recording medium carrier system applied to the image formation apparatus.
[0002] As for a copying machine, a printer, a facsimile and other image formation apparatuses respectively using
electrophotography, above all, an image formation apparatus using a laser beam writing device, a function for trans-
ferring and fixing a toner image while carrying a recording medium at high speed is required to make good use of the
function of the writing device, and operability for allowing a simple measure for paper jam and others caused by the
provision of such a function is also required.
[0003] Generally, an image formation apparatus such as known from US-A-5 351 114, US-A-5 040 028, US-A-5 075
731 for using electrophotographic technology is provided with a photoconductive drum provided with a photosensitive
layer as the peripheral face, charge means for evenly charging the peripheral surface of the photoconductive drum,
exposure means for selectively exposing the peripheral surface evenly charged by the charge means to form an elec-
trostatic latent image, developing means for applying toner as a developer to the electrostatic latent image formed by
the exposure means to form a visible image (a toner image), and transfer means for transferring the toner image
developed by the developing means on a transfer medium such as paper.
[0004] For transfer means for transferring a toner image developed on a photoconductive drum on a transfer medium
such as paper, heretofore, there is known transfar means provided with an intermediate transfer belt to which a toner
image formed on a photoconductive drum is transfered (primary transfer) and which further transfers (secondary trans-
fer) the toner image on a recording medium, and with a driving roller for circulating the intermediate transfer belt.
[0005] As for the above prior transfer means, there is a problem that since distance between a primary transfer
position and the driving roller is large, the amount of shrinkage of the intermediate transfer belt between them is in-
creased, the travel speed of the intermediate transfer belt in the primary transfer position is unstable, and as a result,
it is difficult to acquire satisfactory primary transfer.
[0006] Further, according to the above prior transfer means, there is a problem that a transfer roller is directly touched
to the joint of the intermediate transfer belt, a secondary transfer roller is stained by toner accumulated in a step of the
joint of the intermediate transfer belt, and toner adheres to the rear of a recording medium in the next secondary transfer.
[0007] Further, according to the above prior transfer means, there is a problem that when a thin line image is trans-
ferred on a recording medium the surface of which is smooth, the failure of the transfer of toner (a void) occurs.
[0008] Further, according to the above prior transfer means, there is a problem that even if transfer on a recording
medium the surface of which is smooth is satisfactory, transfer on a recording medium the surface of which is rough
is insufficient and particularly, when multiple layers of toner is transferred as a multiple color image, the failure of transfer
of toner of a layer far from the surface of a recording medium occurs.
[0009] Further, according to the above prior transfer means, there is a problem that in primary or secondary transfer,
the deterioration of transfer efficiency and the omission (void) of a part of a toner image in transfer occurs. Also, in
secondary transfer, there is a problem that it is difficult to transfer on a recording madium the surface of which is
extremely irregular such as recycled paper and bond paper without lacking a part of an imaga. There is a problem that
particularly, if toner the fluidity of which is high is used, toner is readily scattered in transfer, particularly, if primary or
secondary transfer means which functions as a transfer electrode for applying transfer voltage to a transfer position is
located in a position distant from its transfer position, a transfer electric field in the transfer position cannot be concen-
trated upon the transfer position, a toner image is scattered due to alectrcstatic force and if for example, the intermediate
transfer bait is wound on the photoconductive drum without means for substantially pressing the intermediate transfer
belt on the photoconductive drum or a recording medium in a transfer position, area in which the photoconductive drum
and the intermediate transfer belt are in contact in a transfer position is large and the turbulence of a toner image due
to mechanical force caused by slight difference in speed between both and others readily occurs.
[0010] Further, according to the above prior transfer means, a monolayer or multilayer belt in which a conductive, a
semiconductive or an insulating resin layer is generally formed at least as the surface layer, is used for the intermediate
transfer belt. Thus, there is a problem that since the surface is made of resin as described above, friction and a scratch
are readily generated. Particularly, a large quantity of particulates of metallic oxide generally adhere to the surface of
a toner particle as an additive, and there is a problem that since the above additive is extremely harder than resin
constituting the surface of the intermediate transfer belt, it is readily embedded in the intermediate transfer belt, further
a phenomenon (so-called filming) in which toner adheres to the intermediate transfer belt in the above embedded point
occurs and the deterioration of an image, for example the deterioration of transfer efficiency in primary or secondary
transfer and the lack of a part of a toner image in transfer (void) occurs. Also, in secondary transfer, there is a problem
that it is difficult to transfer on a recording medium the surfaca of which is extremely irregular, such as recycled paper
and bond paper, without causing the imparfection of an image.
[0011] Further, according to the above prior transfer means, there is a problem that a phenomenon that a part of a



EP 1 014 202 B1

5

10

15

20

25

30

35

40

45

50

55

3

toner image transferred on the intermediate transfer belt in primary transfer, particularly the center lacks, a so-called
void occurs. Also, in secondary transfer, there is a problem that it is difficult to also transfer on a recording medium the
surfaca of which is extremely irregular, such as recycled paper and bond paper, without causing an imperfect image
in addition to the above problem of a void. Further, in an image formation apparatus for forming a full color image by
overlapping plural colors for example, secondary transfer means is prevented from being stained by controlling the
driving of the secondary transfer means for executing secondary transfer so that the means is not in contact with the
intermediate transfer belt while images of each color are formed and is touched to the intermediate transfer belt after
the final image is formed, and when secondary transfer is started before primary transfer is finished, an image on the
intermediate transfer belt is prevented from being disturbed. However, there is a problem that the intermediate transfer
belt is vibrated, the speed is varied, and the turbulence of an image occurs when the state of the secondary transfer
means is switched to a state in contact or not in contact with the intermediate transfer belt.
[0012] Further, according to the above prior transfer means, transferability in a primary transfer part is insufficient.
Concretely, there are problems in the quantity of toner (the thickness of the layer), dispersion in resistance among
each member, the variation of transfer efficiency due to the variation of resistance, a phenomenon of a void, and the
stability of the density due to aging.
[0013] Further, according to the above prior transfer means, transferability in a secondary transfer part is insufficient.
Concretely, there are problems in the quantity of toner (the thickness of the layer), the type of a recording medium such
as plain paper, a postal card, and OHP sheet, dispersion in resistance and the variation of resistance among each
member, the variation of transfer efficiency due to the variation of resistance by environment, a phenomenon of a void,
and the stability of the density due to aging.
[0014] Further, in the above prior transfer means, with respect to resistance which is the important characteristic of
a primary transfer member and a secondary transfer member, members having approximately the same variation of
resistance due to environment are used for both the primary and secondary transfer members.
[0015] Therefore, if a member having small variation of resistance due to environment is used for both, current may
leak in a part not related to transfer and the failure of transfer may occur in case a recording medium such as a postal
card and an envelope smaller in size than the width of the secondary transfer member is printed in the environment
of low temperature and low humidity in which the resistance of the recording medium is higher than that of the secondary
transfer member in a secondary transfer part. To avoid the above situation, it is conceivable to increase the resistance
of the secondary transfer member and reduce leakage currant. However, since a member having small variation of
resistance due to environment generally has the large dispersion of the resistance, there is a problem that the nonu-
niformity of transfer partly occurs.
[0016] In the meantime, if a member having large variation of resistance due to environment is used for both, no
failure due to a leak of secondary transfer occurs because the resistance of the secondary transfer member changes
approximately as the change of tha resistance of a recording medium due to environment. However, voltage required
in a primary transfer part in the environment of low temperature and low humidity causes the increase of the cost.
[0017] Further, in a prior transfer means as disclosed in Japanese Patent Application No. Hei. 7-322667, an imperfect
image is prevented from occurring at the simultaneous timing of primary transfer and secondary transfer by providing
a conductive layer to the intermediate transfer belt and setting relationship between resistance RT of a part from a
primary transfer bias applying power source to the conductive layer and apparent resistance R1 in a primary transfer
part so that RT < R1.
[0018] According to above prior transfer means, there is a case that it is insufficient, depending upon environment
and the type of paper, to prevent an imperfect image from occurring at the simultaneous timing of primary transfer and
secondary transfer. Concretely, if current which flows in secondary transfer is larger than current which flows in primary
transfer, the phenomenon is remarkable.
[0019] The present invention is made to solve the above problems, and an object thereof is to provide an intermediate
transfer unit which is capable of easily dealing with various troubles caused by high-speed carriage of recording paper.
[0020] Another object of the invention is to provide an intermediate transfer unit by which the travel speed of an
intermediate transfer belt in a primary transfer position can be stabilized.
[0021] Still another object of the invention is to provide an intermediate transfer unit by which the rear of a recording
medium is not stained using an intermediate transfer belt with a joint.
[0022] Still another object of the invention is to provide an intermediate transfer unit for enabling satisfactory transfer
onto a recording medium the surface of which is smooth such as OHP. The object is also to provide an intermediate
transfer unit for enabling satisfactory transfer onto a recording medium the surface of which is smooth, in an overall
area in the direction of the shaft of a transfer roller. The object is further to provide an intermediate transfer unit for
enabling satisfactory transfer onto a recording medium the surface of which is smooth and simultaneously for main-
taining a high quality of image for a long term and also enabling satisfactory transfer onto a recording medium the
surface of which is rough. The object is furthermore to provide an intermediate transfer unit for enabling the formation
of an image uniform in color in any density area on a recording medium the surface of which is smooth.
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[0023] Still another object of the invention is to provide an intermediate transfer unit for enabling satisfactory transfer
onto a recording medium the surface of which is rough such as bond paper. The object is also to provide a compact
and low-cost intermediate transfer unit for enabling satisfactory transfer onto a recording medium the surface of which
is rough and simultaneously for enabling the reduction of torque for driving a transfer roller. The object is further to
provide an intermediate transfer unit for enabling satisfactory transfer onto a recording medium the surface of which
is rough and simultaneously for maintaining a high quality of image for a long term. The object is furthermore to provide
an intermediate transfar unit for enabling tha formation of an image approximately uniform in color in any density area
on a recording medium the surface of which is rough.
[0024] Still another object of the invention is to provide an intermediate transfer unit for forming a satisfactory image
without the lack of a part of an image such as a void in transfer.
[0025] Still another object of the invention is to provide an intermediate transfer unit enabling the stabilization of
transferability (transfer efficiency) in a primary transfer part.
[0026] Still another object of the invention is to provide an intermediate transfer unit enabling the stabilization of
transferability (transfer efficiency) in the secondary transfer part.
[0027] Still another object of the invention is to provide an intermediate transfer unit enabling the stabilization of
transferability (transfer efficiency) in the secondary transfer part and the reduction of the capacity of the high-voltage
power source.
[0028] Still another object of the invention is to provide an intermediate transfer unit which can prevent the deterio-
ration of an image in simultaneous transfer of primary transfer and secondary transfer.
[0029] To solve these objects the present invention provides an intermediate transfer unit as specified in claim 1.
Preferred embodiments of the invention are described in the dependent claims.
[0030] According to a first aspect, in a recording medium carrier system, a paper feed mechanism for carrying a
recording medium to a transfer part, a mechanism for transferring a toner image onto a recording medium, a mechanism
for fixing the transferred toner image on the recording medium, and a mechanism for ejecting the recording medium
from a fixing part are respectively constituted as an independent unit.
[0031] According to a second aspect of the invention, an intermediate transfer unit is provided with an intermediate
transfer belt to which a toner image formed on a photoconductive drum is primarily transferred and which further sec-
ondarily transfers the toner image onto a recording medium, and with a driving roller for circulating the intermediate
transfer belt and is characterized in that the above primary transfer position is arranged close to the driving roller.
[0032] According to the intermediate transfer unit of the second aspact, since its primary transfer position is arranged
close to the driving roller, the shrinkage of the intermediate transfer belt between the primary transfer position and the
driving roller is reduced, the travelling speed of the intermediate transfer belt in the primary transfer position is stable
and as a result, primary transfer in a satisfactory state is readily acquired.
[0033] According to a third aspect of the invention, an intermediate transfer unit is provided with an intermediate
transfer belt with a joint to which a toner image formed on a photoconductive drum is primarily transferred by a primary
transfer member and which further secondarily transfers the toner image onto a recording medium using a secondary
transfer roller, and with a driving roller for circulating the intermediate transfer belt and is characterized in that an electric
field in a direction in which the above toner is returned from the secondary transfer roller to the intermediate transfer
belt is formed while the secondary transfer roller is pressed on the intermediate transfer belt when no image is formed,
and the secondary transfer roller is detached when the joint of the intermediate transfer belt is opposite to the secondary
transfer roller.
[0034] According to the intermediate transfer unit of the third aspect, it is possible to prevent the phenomenon that
toner adheres to the secondary transfer roller by direct contact thereof with the joint of the intermediate transfer medium,
so that the rear of a recording medium can be prevented from being stained and the intermediate transfer unit for
enabling satisfactory transfer can be readily obtained.
[0035] According to a fourth aspect of the invention, an intermediate transfer unit is provided with an intermediate
transfer belt to which a toner image formed on a photoconductive drum is primarily transferred by a primary transfer
member and which further secondarily transfers the toner image onto a recording medium using a secondary transfer
roller and with a driving roller for circulating the intermediate transfer belt and is characterized in that the above inter-
mediate transfer belt includes dispersed fluoric particulates at least in the surface layer and the above secondary
transfer roller is pressed on the intermediate transfer belt under the linear pressure of 27 gf/mm or less.
[0036] Also, in the above intermediate transfer unit, the hardness of the above secondary transfer roller is set to 70°
or less in case the hardness is measured by Asker-C hardness meter.
[0037] Also, in the above intermediate transfer unit, plural types of additives different in a particle diameter are added
in the above tonar and the surface coverage of them is 2 or more.
[0038] Also, in the above intermediate transfer unit, the above toner image transferred on the above intermediate
transfer belt is 1.5 mg/cm2 or less per unit area in any density area.
[0039] According to the intermediate transfer unit of the fourth aspect of the invention, since the intermediate transfer
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belt has an excellent mold releasing property, toner is readily released in secondary transfer, and when a thin line
image is transferred onto a recording medium the surface of which is smooth, satisfactory transfer is enabled even if
pressure applied to toner is not fixed. Further, since the hardness of the secondary transfar roller is set to 70° or less
in case the hardness is measured by Asker-C hardness meter, the concentration of transfer pressure is avoided in a
linear image on the intermediate transfer belt and the occurrence of a void can be reduced.
[0040] Also, according to the intermediate transfer unit, since pressure applied to toner is uniform when a thin line
image is transferred onto a recording medium the surface of which is smooth, satisfactory transfer is enabled.
[0041] Also, according to the intermediate transfer unit, since an additive with a relatively large particle diameter is
added, the additive is not embedded in a mother particle for a long term but the fluidity is maintained and the quality
of an image is stable, and since an additive with a relatively small particle diametar is added, the surface coverage is
large compared with the added weight, and even if pressure applied to toner is not fixed when a thin line image is
transferred onto a recording medium the surface of which is smooth, satisfactory transfer is enabled.
[0042] Also, according to the intermediate transfer unit, since the height of a toner layer is limited and pressure
applied to toner is made uniform when a thin line image is transferred onto a recording the surface of which is smooth,
by forming a toner layer in any density area under the condition that the quantity of toner to be transferred secondarily
is 1.5 mg/cm2 or less, satisfactory transfer is enabled.
[0043] According to a fifth aspect of the invention, an intermediate transfer unit is provided with an intermediate
transfer belt to which a toner image formed on a photoconductive drum is primarily transferred by a primary transfer
member and which further secondarily transfers the toner image onto a recording medium using a secondary transfer
roller and with a driving roller for circulating the intermediate transfer belt, and is characterized in that the above toner
is coated with an additive at the surface coverage of 2 or more and the above secondary transfer roller is pressed on
the intermediate transfer belt under the linear pressure of 15 gf/mm or more.
[0044] Also, in the above intermediate transfer unit, the hardness of the above secondary transfer roller is set to 50°
or more in case the hardness is measured by Asker-C hardness meter.
[0045] Also, in the above intermediate transfer unit, plural types of additives different in a particle diameter are added
in the above toner.
[0046] Also, in the above intermediate transfer unit, the toner image transferred on the intermediate transfer belt is
1.5 mg/cm2 or less per unit area in any density area.
[0047] According to the intermediate transfer unit of the fifth aspect of the invention, since toner is coated with a
sufficient quantity of additive, the force of the toner which adheres to the intermediate transfer belt can be reduced,
toner can be also transferred in a concave portion of a recording medium the surface of which is rough, and secondary
transfer in a satisfactory state can be readily acquired. Further, since a recording medium the surface of which is rough
is pressed on the intermediate transfer belt under sufficient linear pressure, the concave portion of the recording medium
can be brought close to a toner image on the intermediate transfer belt, and secondary transfer in a satisfactory state
can be readily acquired.
[0048] Also, according to the above intermediate transfer unit, since the increase of driving torque by the excessive
broadening of a secondary transfer nip formed by the secondary transfer roller and the intermediate transfer belt can
be prevented, a driving motor can be miniaturized and an intermediate transfer unit which does not require large space
and high coat can be readily obtained.
[0049] Also, according to the above intermediate transfer unit, since an additive with a relatively large particle diam-
eter is added, the additive is not embedded in a mother particle for a long term but the fluidity is maintained and the
quality of an image is stable. Further, since an additive with a relatively small particle diameter is also added, the surface
coverage is large compared with the added weight and satisfactory transfer onto a recording medium the surface of
which is rough is enabled.
[0050] Also, according to the above intermediate transfer unit, the occurrence of irregular color due to the transfer
failure of toner of'a layer farthest from a recording medium is small by forming a toner layer in any density area under
the condition that the quantity of toner to be transferred secondarily is 1.5 mg/cm2 or less.
[0051] According to a sixth aspect of the invention, an intermediate transfer unit is provided with an intermediate
transfer belt to which a toner image formed on a photoconductive drum is primarily transferred in a primary transfer
position and which further secondarily transfers the toner image onto a recording medium in a secondary transfer
position; primary transfer means arranged inside the intermediate transfer belt, the intermediate transfer belt being
carried between the photoconductive drum and the primary transfer means in the primary transfer position; and backup
means arranged inside the intermediate transfer belt and secondary transfer means arranged outside the intermediate
transfer belt, the intermediate transfer belt being carried between the backup means and the secondary transfer means
in the secondary transfer position, and is characterized in that the loose apparent density of the toner is set to 0.35 g/
cc or more, the shape factor SF-1 of the toner is set to 150 or less, and SF-2 is set to 140 or less.
[0052] According to the intermediate transfer unit of the sixth aspect, a void is prevented from occurring in transfer
by pressing the primary transfer means and the secondary transfer means onto the intermediate transfer belt in the
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respective transfer positions, and satisfactory transfer is also enabled onto a recording medium the surface of which
is extremely irregular such as recycled paper and bond paper.
[0053] According to a seventh aspect of the invention, an intermediate transfer unit is provided with an intermediate
transfar belt to which a toner image formed on a photoconductiva drum is primarily transferred in a primary transfer
position and which further secondarily transfers the toner image onto a recording medium in a secondary transfer
position, primary transfer means arranged inside the intermediate transfer belt, and secondary transfer means arranged
outside the intermediate transfer belt, and is characterized in that the load of the secondary transfer position is larger
than a load in the primary transfer position.
[0054] In the intermediate transfer unit of the seventh aspect, the ratio of the load in the secondary transfer position
to the load in the primary transfer position is 1.5 or more.
[0055] According to the intermediate transfer unit of the seventh aspect, a void is prevented from occurring in transfer
by pressing the primary transfer means on the intermediate transfer belt by a relatively small load, satisfactory transfer
is also enabled onto a recording medium the surface of which is extremely irregular such as recycled paper and bond
paper by pressing the secondary transfer means onto the intermediate transfer belt by a relatively large load and
further, the durability of the intermediate transfer belt can be enhanced.
[0056] According to an eighth aspect of the invention, an intermediate transfer unit is provided with an intermediate
transfer bait for primarily transferring a toner image formed on a photoconductive drum and further, secondarily trans-
ferring the toner image onto a recording medium, primary transfer means arranged inside the intermediate transfer
belt, and secondary transfer means arranged outside the intermediate transfer belt, and is characterized in that the
hardness of the secondary transfer means is higher than that of the primary transfer means.
[0057] In the intermediate transfer unit of the eighth aspect, the hardness of the secondary transfer means is higher
than that of the primary transfer means by 10 degrees or more when measured by Asker-C hardness meter.
[0058] According to the intermediate transfer unit of the eighth aspect of the invention, since the hardness of the
primary transfer means is relatively low, a void is prevented from occurring in transfer. Since the hardness of the
secondary transfer means is relatively high, satisfactory transfer is also enabled onto a recording medium the surface
of which is extremely irregular and further, the turbulence of an image caused by switching of the position of the sec-
ondary transfer means between positions in contact and not in contact with the intermediate transfer belt, can be
prevented.
[0059] According to a ninth aspect of the invention, an intermediate transfer unit is characterized in that a toner image
formed on the photoconductive drum is primarily transferred onto an intermediate transfer belt by supplying bias from
a high-voltage power source to a primary transfer member arranged at the rear of the intermediate transfer belt, the
resistance of the primary transfer member is set to 106 to 108 Ω, the surface resistivity of the intermediate transfer belt
is set to 108 to 1012 Ω/h, the volume resistivity is sat to 108 to 1012 Ωcm, the high-voltage power source has constant-
current control when impedance in the primary transfer part is large and has constant-voltage control when the imped-
ance is small.
[0060] According to the intermediate transfer unit of the ninth aspect of the invention, the control of the high-voltage
power source is optimized. Therefore, since control under fixed current is executed in the case of a printing pattern in
which 2 to 4 toner layers are overlapped, that is, when impedance is large, a required transfer electric field is secured
every toner layer. In the meantime, since control under fixed voltage is executed in the case of a pattern in which the
ratio of printing is small, that is, when impedance is small, a required and minimum electric field for transferring toner
is secured. Also, since the resistance of the primary transfer member and the intermediate transfer belt is optimized,
transfer is enabled at required and minimum voltage and current, and an imperfect image can be prevented from
occurring due to abnormal discharge and others.
[0061] Also, since the hardness of the primary transfer member and a load onto the photoconductive drum by the
primary transfer member are optimized, the dislocation of an image in primary transfer is prevented and a void can be
prevented from occurring.
[0062] Also, a void can be prevented from occurring by optimizing the quantity of an additive with a small particle
diameter of two types of additives different in a particle diameter added to toner and securing the fluidity of the toner,
and the deterioration of density due to aging can be also inhibited by function that the superficial state of toner is hardly
varied due to aging by optimizing the quantity of an additive with a large particle diameter.
[0063] According to a tenth aspect of the invention, an intermediate transfer unit is characterized in that a toner image
formed on a photoconductive drum is primarily transferred onto an intermediate transfer belt, the toner image is sec-
ondarily transferred onto a recording medium by supplying bias from a high-voltage power source to a secondary
transfer member pressed onto the backup roller, the resistance of the secondary transfer member is set to 106 to 108

Ω, the surface resistivity of the intermediate transfer belt is set to 108 to 1012 Ω/h, the volume resistivity is set to 108

to 1012 Ωcm, the high-voltage power source has constant-current control when impedance in the secondary transfer
part is large and has constant-voltage control when the impedance is small.
[0064] According to the intermediate transfer unit of the tenth aspect of the invention, the control of the high-voltage
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power source is optimized. Therefore, when impedance is large as in transferring onto a recording medium in environ-
ment in which temperature and humidity are low and onto an OHP sheet, a transfer electric field required for constant-
current control is secured and high transfer efficiency is maintained. In the meantime, since constant-voltage control
is executed when impedance is small as in transferring onto a recording medium in environment in which temperature
and humidity are high and onto a recording medium the width of which is narrower than that of the secondary transfer
member, a required and minimum electric field for transferring toner is secured. Also, since the resistance of the sec-
ondary transfer member and the intermediate transfer belt is optimized, transfer is enabled at required and minimum
voltage and current and an imperfect image can be prevented from occurring due to abnormal discharge and others.
[0065] Also, since the hardness of the secondary transfer member and a load onto the backup roller by the secondary
transfer member are optimized, the dislocation of an image in secondary transfer is prevented and satisfactory transfer
is also enabled onto a recording medium the surface of which is rough such as bond paper.
[0066] Also, a void can be prevented from occurring by optimizing the quantity of an additive with a small particle
diameter of two types of additives different in a particle diameter added to toner and securing the fluidity of the toner.
Moreover, tha deterioration of density due to aging can be also inhibited by function that the superficial state of toner
is hardly varied due to aging by optimizing the quantity of an additive with a large particle diameter.
[0067] According to an eleventh aspect of the invention, an intermediate transfer unit for primarily transferring a toner
image formed on a photoconductive drum onto an intermediate transfer belt by supplying bias from a high-voltage
power source to a primary transfer member arranged at the rear of the intermediate transfer belt and secondarily
transferring the toner image onto a recording medium by supplying bias from a high-voltage power source to a sec-
ondary transfer member pressed on a backup roller, is characterized in that the primary transfer member and the
secondary transfer member are formed by an elastic body, and the variation of the resistance of the secondary transfer
member due to environment is set so that it is larger than that of the primary transfer member.
[0068] According to the intermediate transfer unit of the eleventh aspect of the invention, the change of the resistance
of the primary transfer member and the secondary transfer member due to environment is optimized. Since the primary
transfer member is made of a member having small change of resistance due environment, the capacity of a primary
transfer power source can be reduced. In the meantime, since the secondary transfer member is made of a member
having large change of resistance due to environment, no failure of transfer occurs both in the environment of low
temperature and low humidity and in the environment of high temperature and high humidity because the resistance
changes approximately as that of a recording medium such as paper.
[0069] According to a twelfth aspect of the invention, an intermediate transfer unit primarily transfers a toner image
formed onto a photoconductive drum onto an intermediate transfer belt by applying bias from a high-voltage power
source to a primary transfer member arranged in a position different from a primary transfer part on the surface of the
intermediate transfer belt, and secondarily transfers the toner image onto a recording medium by applying bias to a
secondary transfer member, and is characterized in that a backup member in the primary transfer pert is an elastic
body, the resistance of the primary transfer member is set to 1 MΩ or less, and a high-voltage power source for applying
bias to the primary transfer member has current absorbable constant-voltage control.
[0070] According to a thirteenth aspect of the invention, an intermediate transfer unit primarily transfers a toner image
formed on a photoconductive drum onto an intermediate transfer belt by applying bias from a high-voltage power source
to a primary transfer member arranged in a position different from a primary transfer part on the surface of the inter-
mediate transfer belt, and secondarily transfers the toner image onto a recording medium by applying bias to a sec-
ondary transfer member, and is characterized in that a backup member in the primary transfer part is an elastic body,
the resistance of the primary transfer member is set to 1 MΩ or less, and a resistor is connected to a high-voltage
power source, which applies bias to the primary transfer member, in parallel.
[0071] Further details and advantages of the invention will be apparent from the following description when taken in
conjunction with the drawings, in which:

Fig. 1 is a block diagram of an apparatus showing an embodiment of the present invention.
Fig. 2 is a timing chart showing the operation of the above apparatus.
Fig. 3 is a schematic drawing showing an example of an image formation apparatus using an embodiment of an
intermediate transfer unit according to the present invention.
Fig. 4 is a side view omitting a part and mainly showing the intermediate transfer unit.
Fig. 5 shows the main part of a gear train.
Figs. 6(a) to 6(c) show an example of the particle size distribution of toner in the present invention.
Fig. 7 is a side view omitting a part mainly showing an intermediate transfer unit of an embodiment.
Fig. 8 explains the function of an embodiment of the present invention.
Fig. 9 explains the function of an embodiment of the present invention.
Fig. 10 explains the function of an embodiment of the present invention.
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[0072] Preferred embodiments of the present invention will now be described below.
[0073] Fig. 1 shows the outline of a color image formation apparatus provided with a recording medium carrier system
of an embodiment of the present invention.
[0074] First, the whole system of the apparatus will be described. Around a photoconductive drum 2 in Fig. 1, in the
order from the upstream side in the rotational direction, there are provided a charging roller 3, a laser beam scanning
type latent image formation unit 4, developing units of yellow, magenta, cyan and black 5, 6, 7 and 8, and a cleaning
unit 10 opposite to a first transfer part 9. The above apparatus is constructed so that a toner image according to
recording information is formed on the photoconductive drum 2 by repeating each imaging process of yellow, magenta,
cyan and black every rotation of the photoconductive drum 2.
[0075] In the meantime, an intermediate transfer belt 11 without an end touched or detached to/from the photocon-
ductive drum 2 in the transfer part 9 is constructed so that a color toner image formed on the peripheral surface of the
photoconductive drum 2 is transferred onto the intermediate transfer belt by a primary transfer roller 12 and is second-
arily transferred onto a recording medium S by a backup roller 13. Recording paper S piled on a paper supply cassette
20 reaches a secondary transfer part via a pickup roller 24 and pairs of paper carriage rollers 31 and 33, and in the
secondary transfer part, a color toner image is transferred onto the recording paper. Further, after the transferred color
toner image is fixed by a fixing unit 50, the recording paper is ejected onto a paper ejection tray 66 via pairs of paper
ejecting rollers 62 and 64.
[0076] Next, a recording paper carrier mechanism not forming part of the invention will be described in detail. The
paper supply cassette 20 is constructed so that it can be installed in the lower part at the front of the frame 1 of the
apparatus, that is, in the lower part in Fig. 1, and the fixing unit 50 can be turned forward so that recording paper S
can be readily supplied and measures for paper jam can be taken.
[0077] A paper pushing-up plate 21 provided to the above paper supply cassette 20 is coupled to a driving motor
via a stepping clutch not shown and stopped at 120° and 240° so that the paper pushing-up plate is driven by the
single driving motor not shown for driving a cam 45 for touching or detaching a secondary transfer roller 41 and all the
pair of paper separating rollers 26 and the pairs of paper carriage rollers 31 and 33 between the pickup roller 24 and
the pair of gate rollers 35, and can be vertically moved. The paper pushing-up plate is constituted so that it is lifted
when the whole apparatus starts operation and lowered after printing operation is finished. Further, a pressing roller
22 made of resin for pressing an envelope and others is provided to the paper supply cassette 20 at the back of the
pickup roller 24 so that slanting at paper supply, which may be caused because the edge of the uppermost envelope
of piled ones is lifted and is slantwise touched to the pickup roller 24, can be prevented.
[0078] In the meantime, the pickup roller 24 for feeding recording paper S pushed up by the paper pushing-up plate
21 is formed as a roller approximately 40 mm long which is made of rubber the hardness of which is 25 to 40° and is
constituted so that the pickup roller comes in contact with the center in width of paper, and is driven via a first clutch
not shown so that the pickup roller is interlocked with the pair of paper separating rollers 26.
[0079] The pair of paper separating rollers 26 arranged close on the downstream aide in a direction in which paper
is fed of the pickup roller 24, consist of an upper separating roller 27 rotated in the carriage direction of papar and a
lower separating roller 28 normally rotated and reversely rotated via a torque limiter, and both are respectively formed
as a roller approximately 40 mm long so that each roller comes in contact with the center in width of racording paper
S and plural sheets are prevented from being fed.
[0080] In the meantime, a paper carriage path between the pair of paper separating rollers 26 and the secondary
transfer part functions as a paper reversing carriage path 30 for reversing recording paper S. In this portion, first and
second pairs of carriage rollers 31 and 33 and a pair of gate rollers 35 are arranged at an interval at which a postal
card can be fed longitudinally or according to circumstances, are arranged at an interval at which an envelope can be
fed sideways, and are constituted so that driving force is transmitted via a second clutch.
[0081] The first pair of carriage rollers 31 are arranged close on the downstream side of the pair of paper separating
rollers 26 and are constituted as rollers of the length equal to the width of recording paper S to supplement the unstable
feeding of the pair of paper separating rollers 26 which hold only the center in width of paper and carry it.
[0082] The pair of gate rollers 35 are supported by a plain bearing, whereas these first and second pairs of carriage
rollers 31 and 33 are supported by a ball bearing. The above rollers are constituted so that the free rotation torque of
these pairs of carriage rollers is smaller than that of the pair of gate rollers 35 and even if recording paper S fed at high
speed collides with the pair of gate rollers 35, the pair of gate rollers 35 are prevented from being moved by the force
of the collision.
[0083] Further, in the paper reversing carriage path 30, tensile forca is prevented from being applied to recording
paper S in the carriage process by setting the peripheral speed of each pair of rollers 26, 31 and 33 between the pickup
roller 24 and the pair of gate rollers 35 so that it is slower in order and furthermore, recording paper S is prevented
from being slipped in the secondary transfer part by setting the peripheral speed of the pair of gate rollers 35 so that
it is faster than that of the transfer belt 11.
[0084] The peripheral speed of each pair of rollers 26, 31 and 33 has only to be set in an extent that the peripheral
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speed of the roller on the upstream side when the tolerance of the diameter of the roller on the downstream side is
maximum, is equal to or slower than the peripheral speed of the roller on the upstream side when the tolerance of the
diameter of the roller on the upstream side is maximum. Also, the peripheral speed of the pair of gate rollers 35 has
only to be set in an extent that the peripheral speed of the gate roller when the tolerance of the diameter of the gate
roller is minimum, is equal to or faster than the speed of the transfer belt 11.
[0085] In tha paper reversing carriage path 30, first and second paper sensors 32 and 34 are arranged close on the
downstream side of the first pair of carriage rollers 31 and close on the upstream side of the pair of gate rollers 35. If
recording paper does not reach the first paper sensor 32 after predetermined time elapses since the pickup roller 24
starts the feed of the recording paper, it is supposed that the second paper sensor 34 detects abnormality independent
of whether the second paper sensor 34 detects the recording paper or not, and a signal is output to control means.
Therefore, the quantity of information to be sent to the control means is reduced by the quantity of the signal.
[0086] The pickup roller 24, the pair of paper separating rollers 26, the first and second pairs of carriage rollers 31
and 33, and the pair of gate rollers 35 described above are assembled as one paper feed unit 37 as shown by a broken
line in Fig. 1. The paper feed unit is attached to the body 1 of the apparatus so that it can be detached from the body,
and is constituted so that it can be also connected to a paper supply cassette with large capacity.
[0087] In tha meantime, reference number 40 denotes a secondary transfer roller unit arranged on the downstream
side of the pair of gate rollers 35 via a paper guide member 38. The unit 40 is constituted by a swing lever 41 which
can be swung around a supporting point 43 with the swing lever pressed by the spring 43 so that the secondary transfer
roller 42 supported by the swing lever is always in contact with the transfer belt 11, and the cam 45 for swinging the
swing lever 41 so that the secondary transfer roller 42 is detached from the transfer belt 11 via a cam follower 44.
[0088] The cam 45 for touching or detaching is coupled to the driving motor via the stepping clutch 4 not shown so
that the cam is stopped in plural positions in one rotation, at 120° and 240° in this embodiment, and the lead of the
cam is formed to have an extremely small sine curve so that the secondary transfer roller is detached from the transfer
belt 11 in a range in which atmospheric discharge may occur by applying voltage to the transfer belt 11, for example,
approximately 1 mm.
[0089] Shock when the secondary transfer roller 42 comes in contact with the transfer belt 11 is reduced and the
deterioration of the quality of an image due to the shock is prevented by constituting as described above. The application
of voltage to the secondary transfer roller 42 is controlled so that after the secondary transfer roller 42 comas in contact
with the transfer belt 11, current application is started and before the secondary transfer roller 42 is detached, current
application is stopped to prevent atmospheric discharge from occurring actually.
[0090] Reference number 50 denotes a fixing unit for fixing a transferred toner image on recording paper S. The
fixing unit 50 is attached so that it can be turned outside with a supporting part 51 provided at the inner lower end as
a supporting point and is constructed so that paper jam caused on paper ejecting path can be easily handled and each
developing unit 5 to 9 can be easily replaced.
[0091] The fixing unit 50 is constituted by a heat roller 52, first and second pressurizing rollers 54 and 56 pressed
on the heat roller 52, and a heat insulating member 55 arranged among them. Toner can be more securely fixed at
higher speed by providing large nip length and large contact pressure to the first pressurizing roller 54 to provide a
function for melting toner, in the meantime, providing large curvature to the second pressurizing roller 56 to provide a
function for fixing toner, and further, providing a function for guiding recording paper and a function for controlling heat
radiation from the heat roller 52 to the heat insulating member 56.
[0092] A group of pairs of paper ejecting rollers following the fixing unit 50, that is, two pairs of paper ejecting rollers
62 and 64 in this embodiment are attached to the front side of the apparatus 1 as one paper ejecting roller unit.
[0093] These pairs of paper ejecting rollers 62 and 64 are constructed so that recording paper can be ejected on the
paper ejection tray 66 with the recording paper S tense by setting the paper carriage speed of these pairs of paper
ejecting rollers 62 and 64 so that it is faster than that of the fixing unit 50 and setting the paper carriage speed of the
pair of paper ejecting rollers 64 on the downstream side in the paper carriage direction so that it is faster than that of
the pair of paper ejecting rollers 62 on the upstream side.
[0094] The peripheral speed of each pair of paper ejecting rollers 62 and 64 has only to be set in an extent that the
peripheral speed of the roller on the downstream side when the diameter of the roller is maximum, is equal to or not
slower than the peripheral speed of the roller on the upstream side when the diameter of the roller is minimum according
to the same thought as in the case of the above rollers on the paper feed path. Reference numbers 61 and 63 denote
each paper detecting sensor arranged on the paper ejecting path.
[0095] Next, the recording paper carriage operation of the apparatus constructed as described above will be de-
scribed referring to Fig. 2.
[0096] When the operation of the whole apparatus is started at time "a" after a period for initialization for supplying
paper, the paper pushing-up plate 21 pushes up loaded recording paper S and touches the center in width of the
uppermost paper to the pickup roller 24.
[0097] When a paper feed/separating roller clutch is connected at time "b" in relation to an imaging process, and the
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pickup roller 24 the rotation of which is started, feeds first recording paper S, the pair of paper separating rollers 26
arranged close on the downstream side of the pickup roller prevent plural sheets from being fed by rotating the lower
separating roller 28 reversely. A paper carriage roller clutch connected together with the paper feed/separating roller
clutch transmits rotation to each first and second pair of carriage rollers 31 and 33 for time equivalent to the length of
a paper path between the paper supply tray 20 and the pair of gate rollers 35, that is, till time c, and is touched to the
full width of recording paper S from the pair of paper separating rollers 26 to carry it to the pair of gate rollers 35 in a
stable state.
[0098] At time "d" after fixed time elapses after primary transfer is started, a gate roller clutch transmits driving force
to the pair of gate rollers 35 for time equivalent to the length of a path between the pair of gate rollers 35 and the
secondary transfer roller 42, that is, till time e, and at the same time, carries recording paper S to a transfer part in
cooperation with the first and second pairs of carriage rollers 31 and 33 to which the driving force is transmitted via
the paper carriage roller clutch, then executes required transfer processing on it.
[0099] Though different according to the length in the carriage direction of recording paper S, the paper feed/sapa-
rating roller clutch for carrying second recording paper S is connected at time "f" before or after the operation of the
gate roller clutch, at the following time "g", the paper carriage roller clutch transmits driving force to the first and second
pairs of carriage rollers 31 and 33 for time equivalent to the length of a path between the first pair of carriage rollers
31 and the pair of gate rollers 35, that is, till time "h", and carries second recording paper S to the pair of gate rollers 35.
[0100] In the meantime, in such an apparatus in which recording paper is continuously carried, high durability and
advanced paper carriage control means are provided. However, the wear and tear of parts and the occurrence of paper
jam and others cannot be avoided. If such a situation occurs, a target unit of units respectively independently attached
as the paper feed unit 37, a transfer unit 40, the fixing unit 50, and a paper ejecting unit 60 is detached from the body
1 of the apparatus by a user, or is replaced.
[0101] As described above, according to the present invention, since a paper feed mechanism, a transfer mechanism,
a fixing mechanism, and a paper ejecting mechanism constituting a recording medium carrier system are constructed
as an independent unit, a user can handle such a situation, by detaching or replacing a unit, that paper jam or the wear
and tear of parts occurs in this type of image formation apparatus which continuously carries a recording medium at
high speed. Thus, the cost required for maintenance can be reduced and the operation rate of the apparatus can be
greatly enhanced.
[0102] Fig. 3 is a schematic drawing showing an example of an image formation apparatus using an embodiment of
an intermediate transfer unit according to the present invention.
[0103] First, the outline of the image formation apparatus will be described and next, mainly the intermediate transfer
unit will be described in detail.
[0104] A full color image can be formed using developing machines for four colors of toner of yellow, cyan, magenta
and black by the above image formation apparatus.
[0105] In Fig. 3, reference number 150 denotes a case of the body of the apparatus and in this case 150, an exposure
unit 160, a paper supply unit 70, a photoconductor unit 100, a developing unit 200, an intermediate transfer unit 300,
a fixing unit 400, a control unit 80 for controlling the whole apparatus and others are provided.
[0106] The photoconductor unit 100 is provided with a photoconductive drum 110, a charging roller 120 as charging
means which comes in contact with the peripheral surface of the photoconductive drum 110 and uniformly charges the
peripheral surface, and cleaning means 130.
[0107] The developing unit 200 is provided with a developing section 210Y for yellow, a developing section 210C for
cyan, a developing section 210M for magenta, and a developing section 210K for black as developing means. These
developing sections 210Y, 210C, 210M and 210K respectively contain toner of yellow, cyan, magenta and black. The
above developing sections are respectively provided with developing rollers 211Y, 211C, 211M and 211K, and are set
so that only one of the above developing sections can come in contact with the photoconductive drum 110.
[0108] The intermediate transfer unit 300 is provided with a driving roller 310, a primary transfer roller 320, a wrinkle
removing roller 330, a tension roller 340, a backup roller 350, an intermediate transfer belt 360 having no end and
being extended around each roller, and cleaning means 370 touchable to or detachable from the intermediate transfer
belt 360.
[0109] A secondary transfer roller 380 is arranged opposite to the backup roller 350. The secondary transfer roller
380 is supported so that the secondary transfer roller can be turned by an arm 382 supported by a supporting shaft
381 so that the arm can be swung. The secondary transfer roller is touched to or detached from the intermediate
transfer belt 360 when the arm 382 is swung by the operation of a cam 383.
[0110] A gear 311 shown in Fig. 5 is fixed to the end of the driving roller 310, and is rotated at the approximately
same peripheral speed as the photoconductive drum 110, because the gear 311 is engaged with a gear 144 (see Fig.
5) of the photoconductor unit 100. Therefore, the intermediate transfer belt 360 is circulated at the approximately same
peripheral speed as tha photoconductive drum 110.
[0111] In a process in which the intermediate transfer belt 360 is circulated, a toner image on the photoconductive
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drum 110 is transferred on the intermediate transfer belt 360 between the primary transfer roller 320 and the photo-
conductive drum 110, and the toner image transferred on the intermediate transfer belt 360 is transferred on a recording
medium S such as paper supported between the intermediate transfer belt and the secondary transfer roller 380. The
recording medium S is supported from the paper supply unit 70.
[0112] The paper supply unit 70 is provided with a tray 71 on which plural sheets of recording mediums S are piled,
a pickup roller 72, a hopper 73 for pushing the recording mediums S piled on the tray 71 toward the pickup roller 72,
and a pair of separating rollers 74 for securely separating recording mediums fed by the pickup roller 72.
[0113] A recording medium S fed by the paper supply unit 70 is supplied to a secondary transfer part, that is, between
the intermediate transfer belt 360 and the secondary transfer roller 380 through a pair of first carriage rollers 91, a first
paper sensor 91S, a pair of second carriage rollers 92, a second paper sensor 92S, and a pair of gate rollers 93, and
afterward, ejected on the case 50 through the fixing unit 400, a pair of first ejecting rollers 94, and a pair of second
ejecting rollars 95.
[0114] The fixing unit 400 is provided with a fixing roller 410 provided with a heat source, and a pressurizing roller
420 pressed on the fixing roller.
[0115] The operation of the above whole image formation apparatus is as follows:

(i) When a printing command signal (an image formation signal) from a host computer not shown such as a personal
computer is input to the control unit 80, the photoconductive drum 110, the developing roller and the like of the
developing unit 200, and the intermediate transfer belt 360 are rotated.
(ii) The peripheral surface of the photoconductive drum 110 is uniformed charged by the charging roller 120.
(iii) Selective exposure L according to the image information of a first color (for example, yellow) is applied to the
peripheral surface of the uniformly charged photoconductive drum 110 by the exposure unit 60 so that an electro-
static latent image for yellow is formed.
(iv) Only the developing roller 211Y of the developing section 210Y for the first color (for example, yellow) is touched
to the photoconductive drum 110, hereby, the above electrostatic latent image is developed and the toner image
of the first color (for example, yellow) is formed on the photoconductive drum 110.
(v) The toner image formed on the photoconductive drum 110 is transferred on the intermediate transfer belt 360
in a primary transfer part, that is, between the photoconductive drum 110 and the primary transfer roller 320. At
this time, the cleaning means 370 and the secondary transfer roller 380 are detached from the intermediate transfer
belt 360.
(vi) After toner left on the photoconductive drum 110 is removed by the cleaning means 130, the photoconductive
drum 110 is deelectrified by deelectrifying light L' from deelectrification means.
(vii) The operation shown in the above items (ii) to (vi) is repeated if necessary. That is, processing for second,
third and fourth colors is repeated according to the contents of the above printing command signal, and a toner
image according to the contents of the printing command signal is overlapped on the intermediate transfer belt
360 and is formed on the intermediate transfer belt 360.
(viii) A recording medium S is supplied from the paper supply unit 70 at predetermined timing. Immediately before
or after the end of the recording medium S reaches the secondary transfer part (in short, at timing at which a toner
image on the intermediate transfer belt 360 is transferred in a desired position on the recording medium S), the
secondary transfer roller 380 is pressed to the intermediate transfer belt 360, and the toner image (basically, a full
color image) on the intermediate transfer belt 360 is transferred on the recording medium S. The cleaning means
370 comes in contact with the intermediate transfer belt 360 and after secondary transfer, toner left on the inter-
mediate transfer belt 360 is removed.
(ix) When the recording medium S passes the fixing unit 400, a toner image is fixed on the recording medium S
and afterward, the recording medium S is ejected on the case 150 via a pair of the paper ejecting rollers 94 and 95.

[0116] The outline of the image formation apparatus is described above. Next, the details of the intermediate transfer
unit 300 will be mainly described.
[0117] Fig. 4 is a side view, a part of which is omitted, showing the intermediate transfer unit 300 mainly.
[0118] As described above, the intermediate transfer unit 300 is provided with the driving roller 310, the primary
transfer roller 320, the wrinkle removing roller 330, the tension roller 340, the backup roller 350, the intermediate transfer
belt 360 having no end and being extended around the above each roller, and the cleaning means 370 which can be
touched to or detached from the intermediate transfer belt 360. The above each member and others are attached to
a frame 301 as shown in Fig. 4.
[0119] The frame 301 is constituted by a pair of side plates (in Fig. 4, the side plate on this side is omitted), and the
above each member and others are attached between both side plates. In other words, the frame is constructed so
that a pair of the side plates are coupled by the shaft of the above each member. In Fig. 2, any member on this side
of a pair of members which will be described below, is omitted.
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[0120] The driving roller 310 is supported on the frame 301 by its shaft 312 so that the driving roller can be rotated,
and the above gear 311 shown in Fig. 5 is fixed to the end thereof. The driving roller is constructed so that it is rotated
at the approximately same peripheral speed as the photoconductor unit 100 because the gear 311 is engaged with the
gear 144 of the photoconductor unit 100. As shown in Fig. 5, reference number 500 denotes a driving motor. The
photoconductiva drum 110 is rotated because a pinion 510 fixed to its output shaft 501 is engaged with the gear 144
provided to the end of the photoconductive drum 110 via a reduction gear 520. The gear 311 is engaged with the driving
gear 133b of a toner carriage screw 133 in the photoconductor unit 100 shown in Fig. 3 via an intermediate gear 520
and a reduction gear 521 and hereby, the toner carriage screw 133 is rotated.
[0121] As shown in Fig. 4, the shaft 321 of the primary transfer roller 320 is supported by the frame 301 via a pair
of bearing members 322 so that the primary transfer roller can be rotated. An electrode plate 323 for applying voltage
to the primary transfer roller 320 is supported by screwing its long hole 323a to a tapped hole 302 provided to the frame
301. The bearing member 322 is supported by a concave portion 303 provided to the frame 301 so that the bearing
member can be slid (can be moved vertically in Fig. 4), and a compression coil spring 324 as pressing means is
provided between the bearing member 322 and the frame 301.
[0122] Therefore, the primary transfer roller 320 is pressed onto the photoconductive drum 110 via the intermediate
transfer belt 360 because the both ends of the shaft 321 are respectively pressed by the pair of compression coil
springs 324.
[0123] The wrinkle removing roller 330 is supported on the frame 301 by its shaft 331 so that the wrinkle removing
roller can be rotated.
[0124] The tension roller 340 is supported so that its shaft 341 can be rotated and slid in a long hole 304 provided
to the frame 301. One end 342a of an arm 342 forming a pair at both ends is in contact with the shaft 341. The arm
342 is supported on the frame 301 by its shaft 343 so that the arm can be swung, and a tans ion spring 344 is provided
between the other end 342b and the frame 301.
[0125] Therefore, the tension roller 340 is pressed via the arm 342 by the tension spring 344 in a direction in which
the intermediate transfer belt 360 is always tensed.
[0126] The backup roller 350 is supported on the frame 301 by its shaft 351 so that the backup roller can be rotated.
[0127] The intermediate transfer belt 360 is extended around the above each roller 310, 320, 330, 340 and 350 and
circulated by the driving roller 310 in a direction (clockwise) shown by arrows in Fig. 4.
[0128] The cleaning means 370 is provided with a fur brush 371 for brushing toner left and stuck on the peripheral
surface of the intermediate transfer belt 360, a cleaner blade 372 for further scratching toner still left and stuck on the
peripheral surface of the intermediate transfer belt 360, and a toner carriage screw 373 as carriage means for carrying
the toner brushed or scratched by the above fur brush 371 or cleaner blade 372, and the above each member is built
in a case 374.
[0129] A toner withdrawal chamber 375 is formed in the lower part of the case 374, and the above fur brush 371,
cleaner blade 372 and toner carriage screw 373 are arranged in the toner withdrawal chamber 375.
[0130] The fur brush 371 is fixed on its shaft 371a piercing the side plate of the case 374 and rotated in the direction
shown by the arrows in Fig. 4 by the shaft 371a being driven by driving means not shown.
[0131] The cleaner blade 372 is attached to the case 374 via a mounting plate 372a and is constructed so that the
end (the lower end) comes in contact with the peripheral surface of the intermediate transfer belt 360 and scratches
toner.
[0132] The toner carriage screw 373 is rotated in the direction shown by the arrows in Fig. 4 by its shaft 373a piercing
the side plate of the case 374 being driven by driving means not shown, and carries toner collected in the toner with-
drawal chamber 375 to a waste toner box not shown as waste toner.
[0133] Its cylindrical part 374a provided to both sides of the case 374 is supported on the frame 301 via a bearing
member 376 so that the cylindrical part can be rotated.
[0134] A hook 377 is attached to both sides at the lower end of the case 374, and a tension spring 378 is provided
between the hook 377 and the frame 301.
[0135] Therefore, the case 374 is always pressed by the tension spring 378 in a direction (clockwise) in which the
fur brush 371 and the cleaner blade 372 press the intermediate transfer belt 360. However, the turn of the case 374
is regulated because a cam 55 is provided to the intermediate transfer unit 300 as shown in Fig. 3 and is in contact
with the lower end of the case 374.
[0136] The cam 55 is driven by driving means not shown. When the cam is located in a position shown in Fig. 4, it
turns the case 374 counterclockwise as shown by an alternate long and short dash line, and detaches the fur brush
371 and the cleaner blade 372 from the intermediate transfer belt 360.
[0137] In Fig. 4, reference number 156 denotes a position detecting sensor (see Fig. 3) provided to the body of the
image formation apparatus so that the position detecting sensor is opposite to the driving roller 310. The position
detecting sensor is provided to detect the position of the intermediate transfer belt 360.
[0138] The above intermediate transfer unit 300 is formed so that it can be attached to or detached from the body
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of the image formation apparatus.
[0139] Further, in this embodiment, since various contrivances are made or can be made, they will be described
below.

<With respect to driving roller 310>

[0140] (1) The outer diameter of the driving roller 310 is constructed so that the peripheral speed of the intermediate
transfer belt 360 is slightly (in a range of tolerance) faster than that of the photoconductive drum 110.
[0141] It is desirable that the peripheral speed of the photoconductive drum 110 is completely equal to that of the
intermediate transfer belt 360 on which a toner image is transferred from the photoconductive drum 110.
[0142] However, since there is tolerance between the outer diameter of the photoconductive drum 110 and that of
the driving roller 310, it is impossible to equalize the above peripheral speeds completely. In such a status, if the
peripheral speed of the intermediate transfer belt 360 at a part in which the intermediate transfer belt is wound on the
driving roller 310, is slightly slower than that of the photoconductive drum 110, force which tries to loosen the interme-
diate transfer belt 360 is applied to the intermediate transfer belt 360 between a position (a primary transfer position
T1) in which the photoconductive drum 110 and the primary transfer roller 320 are in contact and the driving roller 310
though the force is very slight. Thus, a state of the intermediate transfer belt 360 in the primary transfer position T1 is
made unstable.
[0143] In this embodiment, the outer diameter of the driving roller 310 is set so that the peripheral speed of the
intermediate transfer belt 360 is slightly (in a range of tolerance) faster than that of the photoconductive drum 110.
[0144] When the above structure is made, since the intermediate transfer belt 360 between the position (the primary
transfer position T1) in which the photoconductive drum 110 and the primary transfer roller 320 are in contact and the
driving roller 310 is always tensed though the tensed quantity is slight, the state of the intermediate transfer belt 360
in the primary transfer position T1 is stabilized.
[0145] The deflective quantity of the peripheral surface of the driving roller 310 is set to ±0.05 mm or less.
[0146] (2) The intermediate transfer belt 360 is constructed so that the period is equivalent to the integer-fold period
of the driving roller 310.
[0147] The quantity of dislocation caused by the deflection of the shaft or peripheral surface of the driving roller 310
between/among toner images of each color overlapped on the intermediate transfer belt 360 can be reduced by con-
structing as described above.
[0148] Concretely, the above ratio is set to 5 to 1.
[0149] (3) The intermediate transfer belt 360 is constructed so that the period is equivalent to the integer-fold period
of the photoconductive drum 110.
[0150] The quantity of dislocation caused by the deflection of the shaft or peripheral surface of the photoconductive
drum 110 between/among toner images of each color overlapped on the intermediate transfer belt 360 can be reduced
by constructing as described above.
[0151] Concretely, the above ratio is set to 2 to 1.
[0152] (4) The angle of the contact of the intermediate transfer belt 360 with the driving roller 310 is set to 90° or
more so that the angle of the contact is larger than the angle of the contact with the other roller.
[0153] The intermediate transfer belt 360 can be stably driven by constructing as described above even if a friction
coefficient between the driving roller 310 and the intermediate transfer belt 360 is small or the friction coefficient is
reduced because of long-term use.
[0154] Concretely, the above angle of the contact is set to approximately 151°.
[0155] To increase the above friction coefficient, urethane coating is applied to the peripheral surface of the driving
roller 310.

<With respect to backup roller 350>

[0156] For a method of separating the intermediate transfer belt 360 and a recording medium S at a part in which
the backup roller 350 and the secondary transfer roller 380 are in contact, that is, a secondary transfer part T2 shown
in Fig. 4, a curvature separating method is adopted. The diameter of the. backup roller 350 is set to 35 mm or less,
and the angle of the contact of the intermediate transfer belt 360 with the backup roller 350 is set to 90° or more.
[0157] A recording medium S is securely separated from the intermediate transfer belt 360 by constructing as de-
scribed above.
[0158] It is desirable that the diameter of the backup roller 350 is set to 30 mm or less and the angle of the contact
of the intermediate transfer belt 360 with the backup roller 350 is set to 105° or more. Concretely, the above diameter
is set to 30 mm and the above angle of the contact is set to 109°.
[0159] It is desirable that the surface resistivity of the intermediate transfer belt 360 is set to 1012 Ω or less.
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<With respect to cleaning means 370>

[0160] (1) The tension roller 340 is put closer to the side of the cleaning means 370 in a horizontal direction as
compared with the backup roller 350, and a part of the toner withdrawal chamber 375 is open under a part in which
the fur brush 371 and the intermediate transfer belt 360 are in contact.
[0161] According to the above construction, toner brushed down by the fur brush 371 is readily collected in the toner
withdrawal chamber 375.
[0162] It is desirable that an angle θ between the intermediate transfer belt 360 and a vertical line V between the
tension roller 340 and the backup roller 350, that is, an angle θ between a common tangent of the tension roller 340
and the backup roller 350 and a vertical line V is set to 10° or more, and it is more preferable that the above angle is
set to 15° or more.
[0163] According to the above construction, toner brushed down by the fur brush 371 is more securely and more
readily collected in the toner withdrawal chamber 375, and toner dropped when the cleaning means 370 is detached
from the intermediate transfer belt 360 is also more readily collected in the toner withdrawal chamber 375.
[0164] (2) The tension roller 340 also functions as means for receiving the pressure of the cleaning means 370 upon
the intermediate transfer belt 360.
[0165] The manufacturing cost can be reduced by constructing as described above. Since another tension roller is
not required to be provided and the number of rollers can be reduced, the angle of the contact of the intermediate
transfer belt with each roller is increased.

<With respect to wrinkle removing roller 330>

[0166] The wrinkle removing roller 330 is arranged on the upstream side close to the primary transfer position T1 in
a direction in which the intermediate transfer belt 360 is circulated, and the angle of the contact of the intermediate
transfer belt 360 with the wrinkle removing roller 330 is set to 10° or more.
[0167] A wrinkle formed on the intermediate transfer belt 360 between the tension roller 340 and the wrinkle removing
roller 330 (a wavy state when viewed from the wrinkle removing roller 330 to the tension roller 340) is removed by the
wrinkle removing roller 330, and the intermediate transfer belt 360 in the primary transfer position T1 can be smoothed
respectively by constituting as described above.
[0168] It is desirable that the angle of the contact of the intermediate transfer belt 360 with the wrinkle removing roller
330 is set to 15° or more. Concretely, the above angle is set to 17.6°.
[0169] Means for changing the proceeding direction of the intermediate transfer belt 360 by 10° or more, such as a
guide plate, may be provided in place of the wrinkle removing roller 330.

<With respect to primary transfer position T1>

[0170] (1) The driving roller 310, the primary transfer roller 320 and the wrinkle removing roller 330 are arranged so
that the intermediate transfer belt 360 is straight tensed in a direction of a tangent to the photoconductive drum 110 at
the primary transfer position T1.
[0171] A transfer nip can be stabilized without depending upon belt tension by constructing as described above. If
the intermediate transfer belt 360 is wound on the primary transfer roller 320 and the primary transfer position T1 is
formed at the wound part, the variation of the tension of the intermediate transfer belt 360 has a large effect upon the
primary transfer position T1. However, the above effect can be reduced by constructing so that the intermediate transfer
belt 360 is tensed in a direction of a tangent to the photoconductive drum 110 without winding the intermediate transfer
belt 360 on the primary transfer roller 320.
[0172] (2) The primary transfer position T1 is arranged close to the driving roller 310.
[0173] If distance between the primary transfer position T1 and the driving roller 310 is large, the shrinkage of the
intermediate transfer belt 360 between them is increased and the travel speed of the intermediate transfer belt 360 in
the primary transfer position T1 becomes unstable.
[0174] In this embodiment, the travel speed of the intermediate transfer belt 360 at the primary transfer position T1
is stabilized by arranging the primary transfer position T1 close to the driving roller 310.
[0175] It is desirable that distance L1 shown in Fig. 4 between the primary transfer position T1 and the driving roller
310 is set to 40 mm or less, and it more is preferable that the above distance is set to 35 mm or less. Concretely, the
distance is set to approximately 30.5 mm.
[0176] (3) For the length of the straight part of the intermediate transfer belt 360 from the wrinkle removing roller 330
to the driving roller 310, the aspect ratio is sat to 0.25 or less. It is more preferable that it is set to 0.15 or less.
[0177] It is because the above effect by a wrinkle can be more effectively inhibited.
[0178] Concretely, the length of the above straight part is set to approximately 55.5 mm.
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<With respect to positional detection>

[0179] As described above, the position detecting sensor 56 is arranged opposite to the driving roller 310 to detect
the position of the intermediate transfer belt 360 on the driving roller 310.
[0180] Hereby, the travel cycle of the intermediate transfer belt 360 can be precisely detected.
[0181] The position detecting sensor 56 is constituted by a reflector type optical sensor and a mark to be detected
by the position detecting sensor 56 is provided on the intermediate transfer belt 360 by printing.
[0182] When the position detecting sensor is constituted by a transmitted light sensor and a hole to be detected by
the sensor is made on the intermediate transfer belt 360, stress is centralized in the hole and the hole is deformed so
that precise detection may be impossible. However, in this embodiment, since the position detecting sensor 56 is
constituted by a reflector type optical sensor and a mark to be detected by the sensor is provided on the intermediate
transfer belt 360 by printing, the travel cycle of the intermediate transfer belt 360 can be precisely detected.

<With respect to construction in which the intermediate transfer belt 360 is tensed and extended>

[0183] For construction in which the intermediate transfer belt 360 is tensed, the length of the intermediate transfer
belt 360 from the primary transfer position T1 to the secondary transfer position T2 is set to the length in the transverse
direction of A4-sized paper or longer, and the length of the intermediate transfer belt 360 from the secondary transfer
position T2 to the primary transfer position T1 is also set to the length in the transverse direction of A4-sized paper or
longer. That is, the intermediate transfer belt 360 is tensed and extended to realize the length described above.
[0184] According to the above construction, when printing on A4-sized paper is continuously executed, timing at
which the secondary transfer roller 380 is touched to the intermediate transfer belt 360 can be set in the unit of paper,
that is, the secondary transfer roller 380 can be prevented from being touched to the intermediate transfer belt during
primary transfer.
[0185] When the secondary transfer roller 380 is touched to the intermediate transfer belt 360 during primary transfer,
an image by primary transfer may be deformed by the shock. However, such a situation can be prevented by con-
structing as described above.

<With respect to cleaning means 370>

[0186] (1) The cleaner blade 372 is made of urethane rubber, the free length is set to approximately 8 mm, the
thickness is set to approximately 3 mm, the Young's modulus is set to approximately 7 to 9 MPa, the holder angle (an
angle between the blade in a state of no load and the tangent of the roller in the contact position) is set to approximately
20°, and the contact pressure on the intermediate transfer belt 360 is set to approximately 45 gf/cm.
[0187] According to the above construction, cleaning failure caused by the passage of toner through the blade, the
vibration and lifting of the blade can be prevented.
[0188] (2) The waste toner box is provided apart from the case 374.
[0189] Since a large quantity of waste toner can be prevented from being collected in the case 374 according to the
above construction, the variation of load when the case 374 is swung and force operating on the case 374 after the
case is swung, can be reduced. As a result, the contact pressure of the cleaner blade 372 on the intermediate transfer
belt 360 can be stabilized.
[0190] (3) The shaft 373a (see Fig. 4) of the toner carriage screw 373 is located in the center of the turning of the case.
[0191] According to the above construction, relative positional relationship between the case and the other fixed
member, for example between the waste toner carriage port of the case 374 and the toner receiving port of the waste
toner box is readily secured.
[0192] (4) The cam 155 is constituted by a SIN cam.
[0193] Shock applied to the intermediate transfer belt 360 can be reduced by constituting as described above.

<With respect to patch sensing>

[0194] Patch sensing, that is, the detection of toner quantity in trial printing is executed on the intermediate transfer
belt 360 on the driving roller 310.
[0195] The above patch sensing can be executed at a place in which the angle of contact is large and speed is stable
by constructing as described above.

<With respect to bead>

[0196] A bead is a bump provided on the rear of the intermediate transfer belt 360 along the circulated direction and
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the position (in the direction of the axis of each roller) of the belt is regulated by fitting the beads into a concave groove
(a regulating groove) formed on each roller on which the belt is wound.
[0197] The above beads are not necessarily provided and in the embodiment shown in Fig. 4, they are also not
provided. If they are provided, they are to be constructed as follows:

(1) Silicon rubber is used for the bead, the thickness (the height of protrusion) is set to approximately 1.5 mm, and
the width is set to approximately 4 mm.
(2) The coefficient of friction between the bead and the regulating groove is set so that it is smaller than that
between the base material of the intermediate transfer belt 360 and any roller.

[0198] The occurrence of a tension inclination in the axial direction of the belt by frictional force between the bead
and the regulating groove can be reduced by constructing as described above.
[0199] The coefficient of friction between the base material of the intermediate transfer belt 360 and any roller is
approximately 0.4.
[0200] (3) The elastic strength of the bead is set to approximately 2.0 to 8.0 MPa.
[0201] It is because when the bead is too soft, stress against thrust in a regulating part is applied to only one place,
that is, a small range in which the bead is bonded.
[0202] On the contrary, it is because when the bead is too hard, the effect of the bead upon the bent part of the belt
is too large.
[0203] It is desirable that if tl means the thickness of the belt, t2 means the thickness of the bead, and E1 means
Young's modulus (up to 4.0 x 103 MPa) of the belt, the elastic strength of the bead is set to {1.0 to (t1/t2)2} E1 [MPa].
[0204] (4) The bead regulating groove is provided to each roller witch is not adjacent to the primary transfer position
T1.
[0205] According to the above construction, dislocation between/among toner images of each color overlapped on
the intermediate transfer belt 360 can be reduced by the random variation by contact between the bead and the reg-
ulating groove of the intermediate transfer belt 360.
[0206] For example, the bead regulating groove is constructed by attaching a stepped flange to the end of the backup
roller 350.
[0207] (5) The regulating groove is formed so that the width is slightly larger than that of the bead and the regulating
groove has a margin for the straightness of adhesion of the bead.
[0208] For example, if the width of the bead is approximately 4 mm, that of the regulating groove is set to approxi-
mately 4.2 mm.

<With respect to replacement and handling of intermediate transfer unit 300>

[0209] (1) The intermediate transfer unit 300 is constructed so that the intermediate transfer belt 360 does not come
in contact with the surface of a desk and others when the intermediate transfer unit 300 is put on the desk and others.
Thus, the intermediate transfer belt 360 is prevented from being damaged or a foreign matter is prevented from adhering
onto the intermediate transfer belt.
[0210] (2) The intermediate transfer unit 300 is constructed so that a drive transmission part such as the gear 311
does not come in contact with the surface of a desk and others when the intermediate transfer unit 300 is put on the
desk and others. Thus, the deformation and damage of the drive transmission part are prevented.
[0211] (3) The electrode part of the intermediate transfer unit 300 is provided on the reverse side of the drive trans-
mission part, so that an electrode is prevented from being stained and the failure of a contact is prevented.
[0212] (4) The intermediate transfer unit 300 is constructed so that the photoconductor unit 100 cannot be installed
when the intermediate transfer unit 300 is not installed. Thus, erroneous attachment is prevented.
[0213] (5) The intermediate transfer unit 300 is constructed so that the capacity of the waste toner box is related to
the life of the intermediate transfer belt 360 and the waste toner box is also replaced when the intermediate transfer
unit 300 is replaced. Thus, the handling is enhanced.

<With respect to sequence>

[0214] (1) When the position of the intermediate transfer belt 360 as the basis of exposure writing timing is detected,
bias for primary transfer is applied, that is, bias for primary transfer is applied before detecting the position.
[0215] The load of each four color onto the intermediate transfer belt 360 in the primary transfer position T1 from the
detection of the position to primary transfer is approximately equal, and dislocation (called misregistration) among toner
images of each color overlapped on the intermediate transfer belt 360 can be inhibited by setting as described above.
[0216] (2) The position of the mark for detecting the position when the intermediate transfer belt 360 is stopped, is
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set so that it is located on the upstream side of the primary transfer position T1. For example, the above position on
the upstream side is a position shown by M in Fig. 4.
[0217] Since the position is detected when the tension of the intermediate transfer belt 360 is stable because of the
application of bias in the initial circulation of the intermediate transfer belt 360, misregistration caused by the dislocation
of the period can be avoided by setting as described above.

<With respect to frame 301 of intermediate transfer unit 300>

[0218] The side plate of the frame 301 is constituted by an insulating member so that the insulation to a roller shaft
for applying bias to a roller (and/or a bearing member) is not required.
[0219] The coefficient of the thermal expansion of the frame 301 is approximately equalized to that of the intermediate
transfer belt 360 by using acrylonitrile butadiene styrene resin (ABS resin) as the above insulating member, and relative
misregistration due to the change of temperature can be prevented.

[Embodiments]

[0220] Further concrete embodiments will be described below.
[0221] The following description is mainly related to a transfer process:

<For stabilizing the efficiency of primary transfer>

[0222] (1) A high-voltage power source which has constant-current control when the impedance of primary transfer
is large (approximately 30 MΩ or more) and has constant-voltage control when the impedance is small (approximately
30 MΩ or less), is used.
[0223] Hereby, even if there is dispersion in the quantity (film thickness) of toner, environment, and the resistance
of a member, transfer is satisfactorily executed.
[0224] (2) The surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h and the volume
resistivity is set to 108 to 1012 Ωcm.
[0225] The primary transfer roller 320 is made of urethane in which carbon is dispersed, the resistance thereof is
set to 106 to 108 Ω (desirably approximately 107 Ω), the hardness is set to 45±5°, and the load onto the photoconductive
drum 110 by the primary transfer roller is set to 1.0 to 3.5 kg (desirably approximately 2.5 kg).
[0226] Transfer is enabled at 1200 V or less by setting the resistance value to the above range.
[0227] The occurrence of a so-called void can be prevented by setting the hardness and the load to the above range.
[0228] (3) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0229] The additive with a large particle diameter is mainly required to enhance the stability of the durability of toner,
and in view of the above, the more the quantity of the above additive is, the better it is. However, if the quantity of the
above additive exceeds 4.0 wt%, the fluidity of toner is deteriorated, and the occurrence of a void and the like may be
caused. Thus, the too much quantity of the above additive is not desirable.
[0230] In the meantime, the additive with a small particle diameter is mainly required to enhance transferability on
rough paper, and in view of the above, the more the quantity of the above additive is, the better it is. However, if the
quantity of the above additive exceeds 4.0 wt%, the photoconductive drum 110 and the intermediate transfer belt 360
are readily filmed with floating silica. Thus, the too much quantity is not desirable.
[0231] The deterioration of an image due to interference in simultaneous primary and secondary transfer can be
prevented and the capacity of the high-voltage power source can be reduced to the minimum under the conditions
described in above (1) to (3).

<For stabilization of secondary transfer efficiency>

[0232] (1) A high-voltage power source which has constant-current control when the impedance of secondary transfer
is large (approximately 20 MΩ or more) and has constant-voltage control when the impedance is small (approximately
20 MΩ or less), is used.
[0233] Hereby, even if there is dispersion in the type of paper, environment, and the resistance of a member, transfer
is satisfactorily executed.
[0234] (2) The surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h, and the volume
resistivity is set to 108 to 1012 Ωcm.
[0235] The secondary transfer roller 380 is an ionic roller, the resistance thereof is set to 106 to 108 Ω, the hardness
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is set to 60±5°, and the load onto the backup roller 350 by the secondary transfer roller is set to 5.0 to 9.0 kg (desirably
approximately 7.0 kg).
[0236] Transfer is enabled at 4000 V or less and 200 µA or less by setting the resistance to the above range.
[0237] The backup roller 350 is grounded.
[0238] (3) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0239] The reason is as described above.

<For preventing the rear of recording medium S such as paper from being stained>

[0240] When transfer on paper or the transfer of a color is not executed while the secondary transfer roller 380 is in
contact with the intermediate transfer belt 360, voltage approximately 0 to -600 V in a direction in which toner is returned
to the intermediate transfer belt 360, is applied.
[0241] Toner which adheres to the secondary transfer roller 380 is reduced and a stain on the rear of a recording
medium S is reduced by constructing as described above.

<For satisfactorily transferring on rough (bond) paper>

[0242] (1) The hardness of the secondary transfer roller 380 is set to 60±5° and the load onto the backup roller 350
by the secondary transfer roller is set to 5.0 to 9.0 kg (desirably approximately 7.0 kg).
[0243] (2) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle aiameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0244] For toner, high density pigment toner with the particle diameter of approximately 7 µm is used.
[0245] (3) The quantity of toner before secondary transfer, that is, the quantity of toner on the intermediate transfer
belt 360 is set to 1.5 mg/cm2 or less.
[0246] A satisfactory transfer state can be also acquired on rough paper such as bond paper by setting as described
in above (1) to (3).
[0247] That is, the surface of paper can be touched closely to toner by setting the hardness of the secondary transfer
roller 380 to a high value as described above and setting a load onto the secondary transfer roller to a high value.
Thus, even if a high electric field is formed, the failure of transfer due to discharge is reduced. A state in which paper
is carried is also stabilized by applying the high load.
[0248] Further, the transfer efficiency of toner can be enhanced by reducing the quantity of toner before secondary
transfer as described above.

<For preventing the occurrence of a void>

[0249] (1) The intermediate transfer belt 360 is made of ethylene tetrafluoroethylene (ETFE) in which carbon black
and others are dispersed as a conductor, polyethylene terephthalate (PET) generated by depositing aluminum and
further coating with urethane paint including fluoric particulates, or polyimide in which carbon black and others are
dispersed as a conductor.
[0250] The photoconductive drum 110 is made of polycarbonate.
[0251] (2) The hardness of the primary transfer roller 320 is set to 45±5° and the load onto the photoconductive drum
110 by the primary transfer roller is set to 1.0 to 3.5 kg.
[0252] (3) The hardness of the secondary transfer roller 380 is set to 60±5° and the load onto the backup roller 350
by the secondary transfer roller is set to 5.0 to 9.0 kg.
[0253] (4) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0254] The fluidity of toner is set to approximately 0.35 g/cc.
[0255] The following function and effect can be acquired by setting as described above:
[0256] That is, as for the condition of transfer from the photoconductive drum 110 to the intermediate transfer belt
360 in the primary transfer part, the low hardness, the low load and the high fluidity of toner is used, so that the
occurrence of a void is prevented.
[0257] For the condition of transfer from the intermediate transfer belt 360 in the secondary transfer part, the high
hardness and the high load of toner is used. However, since the intermediate transfer belt 360 is made of fluorine and
toner is very fluid, the occurrence of a void is prevented.
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<For reducing the scattering of toner>

[0258] (1) The wrinkle removing roller 330 is provided close on the upstream side of the primary transfer position T1.
[0259] (2) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0260] The fluidity of toner is set to approximately 0.35 g/cc and the quantity of electrostatic charge is set to -10 µC/
g or more.
[0261] (3) The surface roughness of the intermediate transfer belt 360 is set to Rmax 1µm (desirably 0.7 µm) or less.
[0262] The surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h, and the volume resistivity
is set to 108 to 1012 Ωcm.
[0263] The following function and effect can be acquired by setting as described above:
[0264] That is, in the primary transfer part, wrinkles of the intermediate transfer belt 360 are reduced by the wrinkle
removing roller 330 and scattering is reduced.
[0265] In the secondary transfer part, toner on the intermediate transfer belt 360 is stably carried and scattering is
reduced.

<For the reduction of the cost>

[0266] (1) The intermediate transfer belt 360 without an end is formed by coating a sheet-shaped PET on which
aluminum is deposited, with urethane paint in which PEFT particles and SnO as a conductor are dispersed, and by
bonding both ends through ultrasonic welding.
[0267] Difference in a level made by bonding both ends is set to 50 µm or less and desirably set to 30 µm or less.
Young's modulus of the paint is set to approximately 1.5 x 104 kgf/cm2. The surface resistivity of the paint is set to
approximately 108 to 1012 Ω/h and the surface roughness is set to Rmax 1 µm (desirably 0.7 µm) or less. As for the
construction of an electrode, a conductive layer is printed on the surface of aluminum at an end, and bias is applied
by a roller electrode (1 MΩ or less).
[0268] (2) The high-voltage power source has current absorption type constant-voltage control in the primary transfer
part, and applies primary transfer voltage until secondary transfer is finished.
[0269] The efficiency of transfer and the property of cleaning can be enhanced by setting as described in above (1)
and (2).
[0270] The primary transfer roller functions only as the backup roller and it is not required to fulfill the function as an
electrode.
[0271] Further, the deterioration of an image due to interference in simultaneous primary and secondary transfer can
be avoided by constructing the electrode and the power source as described above.
[0272] As described above, according to the intermediate transfer unit, the shrinkage of the intermediate transfer
belt between the primary transfer position and the driving roller is reduced, so that the travel speed of the intermediate
transfer belt in the primary transfer position is stable and as a result, primary transfer in a satisfactory state can be
readily acquired.
[0273] Although the embodiments or examples of the present invention are described above, the present invention
is not limited to the above embodiments or examples and may be suitably varied in the range of the gist of the present
invention.
[0274] For example, the following modifications are possible.

<For satisfactorily transferring on rough paper (bond paper)>

[0275] (1) The outer diameter of the elastic body of the secondary transfer roller 380 is set to 25 mm, the outer
diameter of the shaft is sat to 15 mm, the length of the elastic body in the direction of the shaft is set to 332 mm, the
hardness of the secondary transfer roller is set to 60±10° (desirably approximately 60±5°), and the load onto the backup
roller 350 by the secondary transfer roller is set to 5.0 to 9.0 kg (or 15 gh/mm to 27 gf/mm), and desirably to approxi-
mately 7.0 kg (or approximately 21 gf/mm).
[0276] (2) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%). The surface coverage can be calculated according to the following
expression 1, and the surface coverage for toner with a mother particle diameter of 7 µm in which silica with a particle
diameter of 40 nm is added by 0.7 wt% and silica with a particle diameter of 9 nm is added by 2.0 wt%, is 2.8.
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R : Cuter diameter of toner mother particle
ri: Outer diameter of additive i
ρ : Density of toner mother particle
ρi: Density of additive i
Wi: Quantity (wt%) of additive i added to toner mother particle
i : 'i'th additive
n : Number of types of additives

[0277] (3) The quantity of toner before secondary transfer, that is, the quantity of toner on the intermediate transfer
belt 360 is set to 1.5 mg/cm2 or less.
[0278] A satisfactory transfer state can be also acquired on rough paper such as bond paper, the surface of which
is a rough, of recording medium by setting as described in above (1) to (3).
[0279] That is, if the linear pressure of the secondary transfer roller 380 is set to 20 gf/mm or more, a sufficient electric
field can be formed in a toner layer by adjusting a concave portion of rough (bond) paper to a toner image on the
intermediate transfer belt 360 and bringing the concave portion close to the toner image, and the failure of transfer
due to discharge in a high electric field is reduced. Further, when the hardness of the secondary transfer roller 380 is
set to 50° or more in case the hardness is measured by Asker-C hardness meter, no increase of torque by excessive
nip width occurs and a state in which paper is carried is also stabilized by a stable nip.
[0280] Further, since the fluidity of toner is secured and the adhesive strength to the intermediate transfer belt can
be reduced by adding an additive with a small particle diameter so that the surface coverage of the additive for toner
is 2.0 or more, the efficiency of transfer on rough paper can be enhanced. Further, an additive is hardly embedded in
a toner mother particle or hardly peeled in long-term use by adding the additive with a large particle diameter as
described above, and the enhancement of the durability and transferability on rough paper are compatible.
[0281] Further, the transfer efficiency of toner can be enhanced by reducing the quantity of toner before secondary
transfer as described above. That is, if a primary transfer image consisting of overlapped two layers of solid images
on the photoconductive drum is transferred on rough paper, potential difference to be applied between the surface of
the intermediate transfer medium and the surface of a recording medium can be reduced and the failure of transfer
due to discharge can be avoided by setting the total quantity of toner in the primary transfer image to 1.5 mg/cm2 or less.

<For preventing the occurrence of a void>

[0282] (1) The intermediate transfer belt 360 is made of ethylene tetrafluoroethylene (ETFE) in which carbon black
and others are dispersed as a conductor, polyethylene terephthalate (PET) generated by depositing aluminum and
further coating with urethane paint including fluoric particulates, or polyimide in which carbon black and others are
dispersed as a conductor.
[0283] The photoconductive drum 110 is made of polycarbonate.
[0284] (2) The outer diameter of the elastic body of the primary transfer roller 320 is set to 22 mm, the outer diameter
of the shaft is set to 12 mm, the length of the elastic body in the direction of the shaft is set to 358 mm, the hardness
of the primary transfer roller 320 is set to 45±5°, and the load onto the photoconductive drum 110 by the primary transfer
roller is set to 1.0 to 3.5 kg.
[0285] (3) The outer diameter of the elastic body of the secondary transfer roller 380 is set to 25 mm, the outer
diameter of the shaft is set to 15 mm, the length of the elastic body in the direction of the shaft is set to 332 mm, the
hardness of the secondary transfer roller 380 is set to 60±10° (desirably approximately 60±5°), and the load onto the
backup roller 350 by the secondary transfer roller is set to 5.0 to 9.0 kg (or 15 gf/mm to 27 gf/mm), and desirably to
approximately 7.0 kg (or approximately 21 1 gf/mm).
[0286] (4) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%). The surface coverage can be calculated according to the expres-
sion 1, and the surface coverage of the additive for toner with a mother particle diameter of 7 µm in which silica with
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a particle diameter of 40 nm is added by 0.7 wt% and silica with a particle diameter of 9 nm is added by 2.0 wt%, is 2.8.
[0287] The fluidity of toner is set to approximately 0.35 g/cc.
[0288] By setting as in above (1) to (3), a satisfactory transfer state can be also acquired on a recording medium
such as OHP the surface of which is smooth.
[0289] That is, as for the condition of transfer from the photoconductive drum 110 to the intermediate transfer belt
360 in the primary transfer part, the low hardness, the low load and the high fluidity of toner is used, so that the
occurrence of a void is prevented.
[0290] For the condition of transfer from the intermediate transfer belt 360 in the secondary transfer part, the high
hardness and the high load of toner is used. However, since the intermediate transfer belt 360 is made of fluorine and
can be readily released from a mold, the occurrence of a void is prevented.
[0291] Further, since the concentration of transfer pressure upon a linear image on the intermediate transfer belt
360 is avoided because the hardness of the secondary transfer roller is set to 70° or less in case the hardness is
measured by Asker-C hardness meter, the occurrence of a void is prevented.
[0292] Further, since the fluidity of toner is secured and the adhesive strength to the intermediate transfer belt can
be reduced by adding an additive with a small particle diameter so that the surface coverage of the additive for toner
is 2.0 or more, the occurrence of a void is prevented. Further, an additive is hardly embedded in a toner mother particle
or hardly peeled in long-term use by adding the additive with a large particle diameter as described above, and the
enhancement of the durability and transferability on rough paper are compatible.
[0293] Further, since the height of a toner layer is limited by reducing the quantity of toner before secondary transfer
as described above, pressure upon toner is equalized and the occurrence of a void is prevented.

<For preventing the rear of recording medium S such as paper from being stained>

[0294] When the secondary transfer roller 380 is directly touched to the intermediate transfer belt 360, an electric
field in a direction in which toner is returned from the secondary transfer roller 380 to the intermediate transfer belt 360
(for example, the voltage of approximately 0 to -600 V) is applied to the secondary transfer roller 380, and when the
joint of the intermediate transfer belt 360 is located in the secondary transfer position T2, the secondary transfer roller
380 is detached.
[0295] Toner which adheres to the secondary transfer roller 380 is reduced and a stain which adheres to the rear of
a recording medium S is reduced by setting as described above. That is, although toner which cannot be removed by
the cleaning means 370 is left in a step portion of the joint of the intermediate transfer belt 360, since the secondary
transfer roller 380 is not directly touched to the portion and the secondary transfer roller 380 can be cleaned at other
part by bias, a stain by toner on the secondary transfer roller 380 can be reduced and hereby, a stain on the rear of a
recording medium can be reduced.
[0296] Further, according to the intermediate transfer unit of the invention, it is possible to prevent a phenomenon
in which toner adheres to the secondary transfer roller by directly touching the secondary transfer roller to the joint of
the intermediate transfer medium, and therefore, the rear of a recording medium can be prevented from being stained,
and the intermediate transfer unit for enabling satisfactory transfer can be readily obtained.
[0297] Further, according to the intermediate transfer unit of the invention, since the intermediate transfer belt has
excellent mold releasing properties, toner is readily released in secondary transfer. Further, since the hardness of the
secondary transfer roller is set to 70° or less in case the hardness is measured by Asker-C hardness meter, the con-
centration of transfer pressure upon a linear image on the intermediate transfer belt 360 can be avoided and as a
result, when a thin line image is transferred on a recording medium the surface of which is smooth, the occurrence of
a so-called void can be reduced.
[0298] Further, according to the intermediate transfer unit of the invention, since toner is covered with sufficient
quantity of additives, the force of toner which adheres to the intermediate transfer belt can be reduced. Further, since
a recording medium the surface of which is rough is pressed on the intermediate transfer belt under sufficient linear
pressure, a concave portion of the recording medium can be brought close to a toner image on the intermediate transfer
belt and as a result, a satisfactory transfer state can be also acquired for rough paper such as bond paper which is a
recording medium the surface of which is rough.
[0299] The present invention may be further modified as follows.

<For stabilizing the efficiency of primary transfer>

[0300] (1) A high-voltage power source which has constant-current control when the impedance of primary transfer
is large (approximately 30 MΩ or more) and has constant-voltage control when the impedance is small (approximately
30 MΩ or less) is used.
[0301] Hereby, even if there is dispersion in the quantity (film thickness) of toner, environment, and the resistance
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of a member, transfer is satisfactorily executed,
[0302] (2) The surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h, and the volume
resistivity is set to 108 to 1012 Ωcm.
[0303] The primary transfer roller 320 is a roller with the diameter of 22 mm in which an elastic layer made of urethane
resin in which carbon is dispersed, is formed on the peripheral surface of a metallic shaft with the diameter of 12 mm.
The resistance of the roller is set to 106 to 108 Ω (desirably approximately 107 Ω), the hardness is set to 45±5°, and
the load onto the photoconductive drum 110 by the primary transfer roller is set to 1.0 to 3.5 kg (desirably approximately
2.5 kg).
[0304] Transfer is enabled at 1200 V or less by setting the resistance value to the above range.
[0305] The occurrence of a so-called void can be prevented by setting the hardness and the load to the above range.
[0306] Hardness is measured by Asker-C hardness meter known to a skilled person. Such a hardness meter is called
an indentation hardness meter and it is to be noted that the thickness of an elastic layer has an effect upon the value
of hardness measured by such a hardness meter. Hardness described in the present invention does not denote the
result of measuring the hardness of an elastic body itself constituting an elastic layer but denotes the result of meas-
urement in a state in which an elastic layer is formed on a roller.
[0307] (3) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0308] The additive with a large particle diameter is mainly required to enhance the stability of the durability of toner,
and in view of the above, the more the quantity of the above additive is, the better it is. However, if the quantity of the
above additive exceeds 4.0 wt%, the fluidity of toner is deteriorated. That is, the too much quantity of the above additive
causes the occurrence of a void and others, and is not desirable.
[0309] In the meantime, the additive with a small particle diameter is mainly required to enhance transferability on
rough paper, and in view of the above, the more tha quantity of the above additive is, the better it is. However, if the
quantity of the above additive exceeds 4.0 wt%, the photoconductive drum 110 and the intermediate transfer belt 360
are readily filmed with floating silica so that it is not desirable.
[0310] The deterioration of an image due to interference in simultaneous primary and secondary transfer can be
prevented and the capacity of the high-voltage power source can be reduced to the minimum under the conditions
described in above (1) to (3).
[0311] (4) The particle diameter of toner is set to 9 µm or less.
[0312] It is because if the particle diameter is 9 µm or more, the resolution is deteriorated.
[0313] Figs. 6(a) to 6(c) show the particle size distribution of toner used this time. The particle size distribution of the
above toner is measured using a coal-tar counter model TA-II. The aperture is 100 µm and for an electrolyte, ISOTON-II
is used.
[0314] In a table shown in Fig. 6(a), the number is shown in the right field, the volume is shown in the left field, the
result of measurement is shown in the lower column, and a value calculated based upon the result of the measurement
is shown in the upper column. However, the above volume means volume in case a measured toner particle is regarded
as a sphere.
[0315] In graphs shown in Figs. 6(b) and 6(c), a bar graph shows numeral data and a linked line graph shows cu-
mulative data.
[0316] In the table shown in Fig. 6(a), the meaning of each item showing the result of measurement in the lower
column is as follows:

DIF N: Most basic data and shows numeral data (data showing number of toner) input from I/O device every
channel.
DIF %: Shows above numeral data (DIF N) every channel by %.
CUM N: Shows data acquired by accumulating above numeral data (DIF N).
CUM %: Shows data acquired by accumulating above DIP %.

[0317] The meaning of each item showing a calculated value in the upper column is as follows:

25.4 µl: Shows cumulative % value of 25.4 µm or more.
6.35 µl: Shows cumulative % value of 6.35 µm or less.

[0318] KURTOSIS: Shows kurtosis of distribution. An image which is satisfactory in transferability and the resolution
of which is never deteriorated, can be acquired by setting the particle size distribution in volume to 0.8 or more and
setting the particle size distribution in number to 0.3 or more.
[0319] SKEWNESS: Shows skewness of distribution. An image which is satisfactory in transferability and the reso-
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lution of which is never deteriorated, can be acquired by setting the skewness to 0.6 or less in an absolute value in the
particle size distribution in volume, and setting the skewness to 0.1 or less in an absolute value in the particle size
distribution in number.
[0320] MEAN: Shows arithmetic means particle size.
[0321] 25%: Shows value of particle size when cumulative % reaches 25%. (see the graphs shown in Figs. 6(b) and
6(c).)
[0322] 50%: Shows value of particle size when cumulative % reaches 50%. (see the graphs shown in Figs. 6(b) and
6(c).)
[0323] 75%: Shows value of particle size when cumulative % reaches 75%. (see the graphs shown in Figs. 6(b) and
6(c).)
[0324] CV%: Coefficient (%) of variation An image which is satisfactory in transferability and the resolution of which
is never deteriorated, can be acquired by setting both particle size distribution in volume and particle size distribution
in number to 28% or less.
[0325] SDµ: Standard deviation (µm)
[0326] (5) Shape of toner
[0327] As for the shape factor of toner, 100 pieces of toner images magnified up to 500 magnifications are sampled
at random using FE-SEM (S-800) manufactured by Hitachi, Ltd. for example, the image information is analyzed via an
interface by an image analyzer Luzex III by Nireco, Ltd. for example, and values calculated according to the following
expressions are defined as a shape factor.

[0328] In the above expressions, MXLNG means the absolute maximum length of toner, PERI means the peripheral
length of toner, and AREA means the projected area of toner.
[0329] The shape factor SF-1 shows the degree of the roundness of toner, and the shape factor SF-2 shows the
degree of the irregularity of toner. It is desirable that the shape factor SF-1 of toner is 100 to 150, and it is more
preferable that SF-1 is 100 to 130. It is desirable that the shape factor SF-2 of toner is 100 to 140, and it is more
preferable that SF-2 is 100 to 125. Transfer efficiency in primary and secondary transfer is enhanced by setting the
shape factors SF-1 and SF-2 as described above.
[0330] In the embodiment of the present invention, since primary or secondary transfer means which functions as a
transfer electrode for applying transfer voltage to a transfer position, is in contact with each transfer position even if
toner with the high fluidity of A.D 0.35 g/cc or more is used, a transfer electric field in each transfer position can be
concentrated upon the transfer position. Further, transfer means is pressed in each transfer position, and toner the
shape of which is approximately spherical and the surface of which is smooth, is used. Thus, a toner image can be
readily compressed in the direction of the height in a transfer position so that cohesion among toner is enhanced. As
a result, transfer efficiency is enhanced and simultaneously, the occurrence of a void can be more satisfactorily pre-
vented. The turbulence of a toner image due to mechanical force caused by slight difference in speed between the
photoconductive drum or a recording medium and the intermediate transfer belt in a transfer position and others, can
be also satisfactorily prevented.
[0331] There is also effect that since a toner image can be readily compressed in the direction of the height without
causing the turbulence of an image, the melting of each toner is accelerated and an image satisfactory in coloring and
transparency can be formed when a toner image is fixed on a recording medium.

<For the stabilization of secondary transfer efficiency>

[0332] (1) A high-voltage power source which has constant-current control when the impedance of secondary transfer
is large (approximately 20 MΩ or more) and has constant-voltage control when the impedance is small (approximately
20 MΩ or less), is used.
[0333] Hereby, even if there is dispersion in the type of paper, environment, and the resistance of a member, transfer
is satisfactorily executed.
[0334] (2) The surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h, and the volume
resistivity is set to 108 to 1012 Ω-cm.
[0335] The secondary transfer roller 380 is a roller 25 mm in diameter in which an elastic layer formed by dispersing
or melting ion conductive material such as lithium perchlorate in urethane resin, is formed on the peripheral surface of

Shape factor (SF-1) = (MXLNG)2/AREA x π/4 x 100

Shape factor (SF-2) = (PERI)2/AREA x 1/4π x 100
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the metallic shaft 15 mm in diameter. The resistance of the roller is set to 106 to 108 Ω, the hardness is set to 60±5°,
and the load onto the backup roller 350 by the secondary transfer roller is set to 5.0 to 9.0 kg (desirably approximately
7.0 kg).
[0336] Transfer is enabled at 4000 V or less and 200 µA or less by setting the resistance to the above range.
[0337] Hardness is measured by Asker-C hardness meter known to a skilled person, and as described above, hard-
ness described in the present invention dose not denote the result of measuring an elastic body itself constituting an
elastic layer but denotes the result of measurement in a state in which an elastic layer is formed into a roller.
[0338] The backup roller 350 is grounded.
[0339] (3) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0340] The reason is as described above.

<For preventing the occurrence of a void>

[0341] The durability of the intermediate transfer belt can be enhanced by setting the load of the secondary transfer
means so that it is larger than that of the primary transfer means. This is based upon the inventors' knowledge that
the filming of toner to the intermediate transfer belt is caused by the additive of toner left on the intermediate transfer
belt and embedded in the intermediate transfer belt by the cleaning means such as the cleaning blade for cleaning the
surface of the intermediate transfer belt; the isolation of an additive often occurs in overlapping colors in order in primary
transfer; since an additive which is isolated from toner and adheres to the intermediate transfer belt again adheres to
relatively soft toner and a relatively soft fiber of paper as compared with the intermediate transfer belt when the above
additive is pressed by a load exceeding a fixed one under toner or paper, the additive can be removed from the inter-
mediate transfer belt.
[0342] Generally, the primary transfer roller 320 is always pressed on the intermediate transfer belt 360 and in the
meantime, the secondary transfer roller 380 is pressed on the intermediate transfer belt 360 when a full color image
in which overlapping colors is finished, is transferred. However, the secondary transfer roller is detached from the
intermediate transfer belt 360 while images of each color are formed in order. However, since there occurs a phenom-
enon (so-called reverse transfer) in which a part of an image of the 'n'th color is returned from the intermediate transfer
belt to the photoconductive drum when an image of the ('n' + 1)th color is overlapped on the image of the 'n'th color
already formed on the intermediate transfer belt if the load of the primary transfer roller 320 is set to a load exceeding
a load by which an isolated additive on the intermediate transfer belt can be removed by toner in the above constitution,
it is desirable that the load of the secondary transfer roller 380 is set to a load fixed or more and in the meantime, the
load of the primary transfer roller 320 is set to a load fixed or less. A load (a load required to remove an additive from
the intermediate transfer belt under toner) acquired in an experiment according to the embodiment of the present
invention is 150 g/cm or more and it is desirable that the above load is 200 g/cm or more.
[0343] To prevent reverse transfer from occurring in primary transfer, a load acquired in an experiment according to
the embodiment of the present invention is 100 g/cm or less and it is desirable that the above load is 70 g/cm or less.
[0344] Therefore, the ratio of the respective loads of the primary transfer means and the secondary transfer means
is 1.5 or more, and it is more desirable that the above ratio is 2 or more.
[0345] To prevent the primary and secondary transfer rollers from being bent due to a load, the shaft of each roller
is required to be provided with rigidity according to the load and therefore, it is desirable that the outer diameter of the
shaft of the secondary transfer roller is larger than that of the primary transfer roller.
[0346] According to the intermediate transfer unit of the present invention, the occurrence of a void in transfer is
prevented, satisfactory transfer on rough paper can be realized and further, the durability of the intermediate transfer
belt can be enhanced.
[0347] The following modification is also possible.

<For preventing the occurrence of a void>

[0348] Since resonance between the primary transfer means and the secondary transfer means can be prevented
by differentiating the frequency of vibration caused by shock when the secondary transfer means comes in contact
with the intermediate transfer belt from the frequency of the primary transfer means by setting the hardness of the
secondary transfer roller 380 so that it is higher than the hardness of the primary transfer roller 320, the vibration of
the intermediate transfer belt and the variation of the speed respectively caused by the contact and the non-contact
of the secondary transfer means with the intermediate transfer belt, can be prevented. Particularly, to reduce time
required between paper and another paper and speed up the output of an image by switching the state of the secondary
transfer means from the non-contact state with the intermediate transfer belt to the contact state before primary transfer
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is finished and starting secondary transfer, the above is very effective. It is more effective to differentiate the hardness
of all rollers arranged so that each roller is touched to the intermediate transfer belt. However, in the intermediate
transfer unit, the quality of a toner image on the intermediate transfer belt or the quality of a toner image on a recording
medium, is mainly determined by a contact state between the primary or secondary transfer means and the intermediate
transfer belt in the primary or secondary transfer position. Thus, at least by constructing as in the embodiment of the
present invention, a sufficient effect can be acquired by preventing vibration in the above transfer position.
[0349] Further, the vibration of the intermediate transfer belt can be further satisfactorily prevented by setting the
hardness of the secondary transfer roller 380 so that it is higher than the hardness of the primary transfer roller 320
by 10 degrees or more.
[0350] Even if a belt with a joint is used for the intermediate transfer belt, vibration caused when the primary (or the
secondary) transfer means passes on the joint in the primary (or the secondary) transfer position can be prevented
from being resonated by the secondary (or the primary) transfer means by setting the hardness of the secondary
transfer roller 380 so that it is higher than the hardness of the primary transfer roller 320 similarly.
[0351] The following modification is also possible.

<For stabilizing the efficiency of primary transfer>

[0352] (1) A high-voltage power source which has constant-current control when the impedance of primary transfer
(the ratio of the output voltage and the output current of a power source for primary transfer not shown) is large (ap-
proximately 30 MΩ or more) and has constant-voltage control when the impedance is small (approximately 30 MΩ or
less), is used. The above constant current is set to 15 µA and the above constant voltage is set to 450 V.
[0353] Hereby, even if there is dispersion in the quantity (film thickness) of toner, environment, and the resistance
of a member, satisfactory transfer is executed as shown in Table 1.
[0354] For comparison, Table 2 shows the result when simple constant-current control (set to 15 µA) is executed
and Table 3 shows the result when simple constant-voltage control (set to 450 V) is executed.

[Table 1]

Temperature,
humidity &
environment

Printing pattern Resistance of
primary transfer roller

Output current Output voltage Result

10°C 15%
RH

Printing ratio 10% 1 x 107 Ω 15 µA 700 V s

10°C 15%
RH

Printing ratio 200%
Solid two-color
overlapped image

1 x 107 Ω 15 µA 1000 V s

23°C 65%
RH

Printing ratio 10% 5 x 106 Ω 30 µA 450 V s

23°C 65%
RH

Printing ratio 200%
Solid two-color
overlapped image

5 x 106 Ω 15 µA 800 V s

35°C 65%
RH

Printing ratio 10% 3 x 106 Ω 45 µA 450 V s

35°C 65%
RH

Printing ratio 200%
Solid two-color
overlapped image

3 x 106 Ω 15 µA 600 V s

[Table 2]

Temperature,
humidity &
environment

Printing pattern Resistance of
primary transfer roller

Output current Output voltage Result

10°C 15%
RH

Printing ratio 10% 1 x 107 Ω 15 µA 700 V s
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[0355] (2) The surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h, and the volume
resistivity is set to 108 to 1012 Ω cm.
[0356] The primary transfer roller 320 is a roller with the outer diameter of 22 mm and the width of 358 mm on a shaft
12 mm in diameter. It is made of urethane in which carbon is dispersed, the resistance is set to 106 to 104 Ω (desirably
approximately 107 Ω), the hardness is set to 45±5°, and a load onto the photoconductive drum 110 by the primary
transfer roller is set to 1.0 to 3.5 kg (desirably approximately 2.5 kg). That is, the above load is set to 28 to 98 g/cm
(desirably approximately 70 g/cm).
[0357] Transfer is enabled at the relatively low voltage of 1200 V or less by setting the resistance value to the above
range.
[0358] The occurrence of a so-called void can be prevented by setting the hardness and the load to the above range.
[0359] (3) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter (the
primary particle diameter of 40 nm) is set to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an

[Table 2] (continued)

Temperature,
humidity &
environment

Printing pattern Resistance of
primary transfer roller

Output current Output voltage Result

10°C 15%
RH

Printing ratio 200%
Solid two-color
overlapped image

1 x 107 Ω 15 µA 1000 V s

23°C 65%
RH

Printing ratio 10% 5 x 106 Ω 15 µA 300 V ∆

23°C 65%
RH

Printing ratio 200%
Solid two-color
overlapped image

5 x 106Ω 15 µA 800 V s

35°C 65%
RH

Printing ratio 10% 3 x 106 Ω 15 µA 150 V x

35°C 65%
RH

Printing ratio 200%
Solid two-color
overlapped image

3 x 106 Ω 15 µA 600 V s

[Table 3]

Temperature,
humidity &
environment

Printing pattern Resistance of
primary transfer roller

Output current Output voltage Result

10°C 15%
RH

Printing ratio 10% 1 x 107 Ω 10 µA 450 V ∆

10°C 15%
RH

Printing ratio 200%
Solid two-color
overlapped image

1 x 107 Ω 3 µA 450 V x

23°C 65%
RH

Printing ratio 10% 5 x 106 Ω 30 µA 450 V s

23°C 65%
RH

Printing ratio 200%
solid two-color
overlapped image

5 x 104 Ω 7 µA 450 V x

35°C 65%
RH

Printing ratio 10% 3 x 106 Ω 45 µA 450 V s

35°C 65%
RH

Printing ratio 200%
Solid two-color
overlapped image

3 x 106 Ω 10 µA 450 V ∆
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additive with a small particle diameter (the primary particle diameter of 14 nm) is set to 1.5 to 4.0 wt% (desirably
approximately 2.0 wt%).
[0360] The additive with a large particle diameter is mainly required to enhance the durable stability (the stability of
the density) of toner and in view of the above, the more the quantity of the above additive is, the better it is. However,
if the quantity of the above additive exceeds 4.0 wt%, the fluidity of toner is deteriorated. Thus, the too much quantity
of the above additive causes the occurrence of a void and others and is not desirable.
[0361] In the meantime, the additive with a small particle diameter is mainly required to enhance transferability on
rough paper and in view of the above, the more the quantity of the above additive is, the better it is. However, if the
quantity of the above additive exceeds 4.0 wt%, the photoconductive drum 110 and the intermediate transfer belt 360
are readily filmed with floating silica so that it is not desirable.

<For the stabilization of secondary transfer efficiency>

[0362] (1) A high-voltage power source which has constant-current control when the impedance of secondary transfer
(the ratio of the output voltage and the output current of a power source for secondary transfer not shown) is large
(approximately 20 MΩ or more) and has constant-voltage control when the impedance is small (approximately 20 MΩ
or less), is used. The constant current is set to 30 µA and the constant voltage is set to 600 V.
[0363] Hereby, even if there is dispersion in the type of paper, environment, and the resistance of a member, transfer
is satisfactorily executed.
[0364] (2) Tha surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h, and the volume
resistivity is set to 108 to 1012 Ω cm.
[0365] The secondary transfer roller 380 is a roller with the outer diameter of 25 mm and the width of 332 mm on a
shaft 15 mm in diameter. Ion conductive material such as lithium perchlorate is applied to the secondary transfer roller,
the resistance is set to 106 to 108 Ω, the hardness is set to 60±5°, and a load onto the backup roller 350 by the secondary
transfer roller is set to 5.0 to 9.0 kg (desirably approximately 7.0 kg). That is, the above load is set to 150 to 270 g/cm
(desirably approximately 210 g/cm).
[0366] Transfer ia enabled at 4000 V or less and 200 µA or less by setting the resistance to the above range.
[0367] The backup roller 350 is grounded.
[0368] (3) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%) and the quantity of an additive with a small particle diameter is set
to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0369] The reason is as described above.
[0370] According to the above conditions, the deterioration of an image due to interference in simultaneous primary
and secondary transfer can be prevented and the capacity of the high-voltage power source can be reduced to the
minimum.
[0371] As described above, according to the intermediate transfer unit of the present invention, satisfactory trans-
ferability can be secured without depending upon a printing pattern because the control of the high-voltage power
source is optimized.
[0372] Also, transfer is enabled at required and minimum voltage and current and an imperfect image can be pre-
vented from occurring due to abnormal discharge and others because the resistance of the primary transfer member
and the intermediate transfer belt is optimized.
[0373] Also, the dislocation of images in primary transfer can be prevented and a phenomenon of a void can be
prevented from occurring because the hardness of the primary transfer member and a load onto the photoconductive
drum by the primary transfer member are optimized.
[0374] Also, the phenomenon of a void can be prevented from occurring because the quantity of an additive with a
small particle diameter of additives added to toner is optimized and the deterioration of density due to aging can be
prevented because the quantity of an additive with a large particle diameter is optimized.
[0375] The following modification is also possible.

<For the stabilization of secondary transfer efficiency>

[0376] (1) A high-voltage power source which has constant-current control when the impedance of secondary transfer
(the ratio of the output voltage and the output current of a power source for secondary transfer not shown) is large
(approximately 20 MΩ or more) and has constant-voltage control when the impedance is small (approximately 20 MΩ
or less), is used. The constant current is set to 30 µA and the constant voltage is set to 600 V.
[0377] Hereby, as shown in Table 4, even if there is dispersion in the type of paper, environment, and the resistance
of a member, transfer is satisfactorily executed. For comparison, Table 5 shows the result in simple constant-current
control (current is set to 30 µA) and Table 6 shows the result in simple constant-voltage control (voltage is set to 600 V).
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[Table 4]

Temperature,
Humidity ,
Environment

Type of recording
medium

Resistance of
secondary-transfer
roller

Output current Output voltage Result

10°C 15%
RH

OHP sheet 3 x 107 Ω 30 µA 3000 V s

10°C 15%
RH

Xerox 4024 3 x 107 Ω 30 µA 2500 V s

23°C 65%
RH

Xerox 4024 5 x 106 Ω 30 µA 800 V s

23°C 65%
RH

Postal card 5 x 106 Ω 60 µA 600 V s

35°C 65%
RH

OHP sheet 1 x 106 Ω 30 µA 1200 V s

35°C 65%
RH

Xerox 4024 1 x 106 Ω 150 µA 600 V s

[Table 5]

Temperature,
Humidity ,
Environment

Type of recording
medium

Resistance of
secondary transfer
roller

Output current Output voltage Result

10°C 15%
RH

OHP sheet 3 x 107 Ω 30 µA 3000 V s

10°C 15%
RH

Xerox 4024 3 x 107 Ω 30 µA 2500 V s

23°C 65%
RH

Xerox 4024 5 x 106 Ω 30 µA 800 V s

23°C 65%
RH

Postal card 5 x 106 Ω 30 µA 300 V x

35°C 65%
RH

OHP sheet 1 x 106 Ω 30 µA 1200 V s

35°C 65%
RH

Xerox 4024 1 x 106 Ω 30 µA 100 V x

[Table 6]

Temperature,
humidity ,
Environment

Type of recording
medium

Resistance of
secondary transfer
roller

Output current Output voltage Result

10°C 15%
RH

OHP sheet 3 x 107 Ω 5 µA 600 V x

10°C 15%
RH

Xerox 4024 3 x 107 Ω 10 µA 600 V x

23°C 65%
RH

Xerox 4024 5 x 106 Ω 24 µA 600 V ∆

23°C 65%
RH

Postal card 5 x 106 Ω 60 µA 600 V s
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[0378] According to the intermediate transfer unit of the present invention, satisfactory transferability can be secured
without being influenced by the type of a recording medium and environment because the control of the high-voltage
power source is optimized.
[0379] Also, transfer is enabled at required and minimum voltage and current, and an imperfect image can be pre-
vented from occurring due to abnormal discharge and others because the resistance of the secondary transfer member
and the intermediate transfer belt is optimized.
[0380] Also, dislocation between images in secondary transfer can be prevented and satisfactory transfer is also
enabled onto a recording medium the surface of which is rough, such as bond paper, because the hardness of the
secondary transfer member and a load onto the backup roller by the secondary transfer member are optimized.
[0381] Also, the phenomenon of a void can be prevented from occurring because the quantity of an additive with a
small particle diameter of two types of additives added to toner and different in a particle diameter is optimized and
fluidity is secured, and the deterioration of density due to aging can be prevented because the quantity of an additive
with a large particle diameter is optimized.
[0382] The following modification is also possible.

<For the stabilization of secondary transfer efficiency>

[0383] (1) A high-voltage power source which has constant-current control when the impedance of secondary transfer
(the ratio of the output voltage and the output current of a power source for secondary transfer not shown) is large
(approximately 20 MΩ or more), and has constant-voltage control when the impedance is small (approximately 20 MΩ
or less), is used. The constant current is set to 30 µA and the constant voltage is set to 600 V.
[0384] Hereby, even if there is dispersion in the type of paper, environment, and the resistance of a member, transfer
is satisfactorily executed.
[0385] (2) The surface resistivity of the intermediate transfer belt 360 is set to 108 to 1012 Ω/h, and the volume
resistivity is set to 108 to 1012 Ω cm.
[0386] The sacondary transfer roller 380 is a roller with the outer diameter of 25 mm and the width of 332 mm on a
shaft 15 mm in diameter. Ion conductive material such as lithium perchlorate is applied to the secondary transfer roller,
the resistance is set to 3 x 107 to 1 x 108 Ω in the environment of low temperature and low humidity, and set to 1 x 106

to 1 x 107 Ω in the environment of high temperature and high humidity, the hardness is set to 60±5°, and a load onto
the backup roller 350 by the secondary transfer roller is set to 5.0 to 9.0 kg (desirably approximately 7.0 kg). That is,
the above load is set to 150 to 270 g/cm (desirably approximately 210 g/cm).
[0387] Transfer is enabled at 4000 V or less and 200 µA or less by setting the resistance to the above range.
[0388] The backup roller 350 is grounded.
[0389] (3) For the quantity of a used additive to toner, the quantity of an additive with a large particle diameter is set
to 0.5 to 4.0 wt% (desirably approximately 0.7 wt%), and the quantity of an additive with a small particle diameter is
set to 1.5 to 4.0 wt% (desirably approximately 2.0 wt%).
[0390] The reason is as described above.
[0391] Table 7 shows an example of an experiment of the above primary transfer part and secondary transfer part.

[Table 6] (continued)

Temperature,
humidity ,
Environment

Type of recording
medium

Resistance of
secondary transfer
roller

Output current Output voltage Result

35°C 65%
RH

OHP sheet 1 x 106 Ω 15 µA 600 V x

35°C 65%
RH

Xerox 4024 1 x 106 Ω 150 µA 600 V s
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[Table 7]

Experiment No. Temp.,
Humidity,
Environment

Resistance of
primary
transfer roller

Primary
transfer output

Primary
transfer output

Resistance of
secondary
transfer roller

Secondary
transfer result

Variation of
resistance due
to environment
(digit)

Variation of
resistance due
to environment
of resistance
(digit)

Maximum
current

Maximum
voltage

Primary transfer
roller

Secondary
transfer roller

1 10°C,
15%,
RH

1x107 Ω 60
(µA)

1200
(V)

3x107 Ω Good in any
paper type

0.5 1.5

1 35°C,
65%,
RH

3x106 Ω 60
(µA)

1200
(V)

1x106 Ω Good in any
paper type

0.5 1.5

2 10°C,
15%,
RH

3x107 Ω 150
(µA)

3000
(V)

1x107 Ω * 1.5 0.5

2 35°C,
65%,
RH

1x106 Ω 150
(µA)

3000
(V)

3 x106 Ω * 1.5 0.5

'*' failure of papar transferring in small size occurs in the environment of 10°C, 15%, RH.
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[0392] As shown in the experiment No. 1, satisfactory secondary transferability and the reduction of the capacity of
the primary transfer power source can be realized by using a member having small variation of resistance due to
environment for the primary transfer roller and using a member having large variation of resistance due to environment
for the secondary transfer roller.
[0393] According to the intermediate transfer unit of the invention, . since the change of the resistance of the primary
transfer member and the secondary transfer member due to environment is optimized, the capacity of the primary
transfer power source can be reduced and no failure of transfer in the secondary transfer part occurs both in the
environment of low temperature and low humidity and in the environment of high temperature and high humidity.
[0394] Fig. 7 is a side view showing a modification of the intermediate transfer unit 300.
[0395] In this modification, the intermediate transfer unit 300 is provided with a roller electrode 600 which is an
example of the primary transfer member. Other portions in this intermediate transfer unit are the same as those in Fig. 4.
[0396] The roller electrode 600 is a conductive elastic member approximately 10 mm in diameter and 5 mm in width,
is located at the end of the intermediate transfer belt 360, and is lightly in contact with the belt. Voltage is supplied to
the roller electrode 600 from a not-shown high-voltage power source for primary transfer.
[0397] Fig. 8 shows an equivalent circuit in primary transfer. 'V1' denotes the voltage of a primary transfer power
source, 'R1' denotes apparent resistance generated when a charged photoconductive drum, an intermediate transfer
belt provided with a resistance layer, etc. are rotated or circulated, 'RT' denotes the resistance of a primary transfer
member and contact resistance, and 'I1' denotes current for enabling primary transfer (current required for primary
transfer).
[0398] Fig. 9 shows an equivalent circuit in case primary transfer and secondary transfer are simultaneously exe-
cuted. 'V2' denotes the voltage of a secondary transfer power source, 'R2' denotes apparent resistance generated by
a secondary transfer member and a recording medium, and 'I2' denotes current for enabling secondary transfer (current
required for secondary transfer). It is electric potential at a point A that is important in Fig. 9. When this electric potential
greatly varies, the point A is out of a suitable transfer electric field and primary transfer fails. To prevent the above
failure, 'I2' is set so that it flows on the side of the primary transfer power source by setting so that RT < R1. Concretely,
the resistance of the primary transfer member is set to 1 MΩ or less.
[0399] If the relationship of "I1 > I2" is met under the above conditions, the failure of transfer in primary and secondary
simultaneous transfer is prevented.
[0400] However, depending upon an environmental condition and the type of a recording medium, I1 is smaller than
I2. In this case, since current cannot be supplied from the primary transfer power source, electric potential at the point
A is increased and transfer failure occurs.
[0401] 'IT' denotes the current of the primary transfer power source and under the above condition, it can be shown
by an expression, IT = I1 -I2. Therefore, under the condition of "I1 < I2", the current IT of the primary transfer power
source requires a function (a current absorbing function) for outputting negative current while outputting positive volt-
age.
[0402] Fig. 10 shows a case that a resistor Rx is connected in parallel to the high-voltage power source. Primary
transfer power source current IT0 can be expressed by an expression "IT0 = Ix + (I1 - I2)" using current Ix which flows
in the resistor Rx, and the above currents I1 and I2. Therefore, since IT0 is positive even if "I1 - I2 <0", electric potential
at the point A can be kept.
[0403] The following modification is also possible.
[0404] The following is related to mainly a transfer process.
[0405] (1) The intermediate transfer belt 360 without an end is formed by coating a sheet-shaped PET in which
aluminum is deposited, with urethane paint in which PEFT particles and tin oxide as conductive material are dispersed,
and by bonding both ends by ultrasonic welding.
[0406] Difference in a level made by bonding both ends is set to 50 µm or less and desirably set to 30 µm or less.
Young's modulus of the paint is sat to approximately 1.5 x 104 kgf/cm2. The surface resistivity of the paint is set to
approximately 108 to 1012 Ω/h, and the surface roughness is set to Rmax 1 µm (desirably 0.7 µm) or less. For the
constitution of an electrode, a conductive layer is printed on the surface of aluminum at an end, and bias is applied by
the roller electrode 600 (1 MΩ or less). The primary transfer member may be also a brush, a blade, and the like except
the roller electrode in this embodiment. It is important that the resistance of the primary transfer member is 1 MΩ or less.
[0407] The efficiency of transfer and the facility of cleaning can be enhanced by setting as described above.
[0408] (2) The high-voltage power source has current absorption type constant-voltage control in the primary transfer
part, and applies primary transfer voltage until secondary transfer is finished.
[0409] The primary transfer roller (the primary transfer backup roller) functions only as a backup roller.
[0410] Even if secondary transfer current is larger than primary transfer current, the deterioration of the quality of an
image due to interference in simultaneous primary and secondary transfer can be avoided by constituting an electrode
and a power source as described above.
[0411] Table 8 shows the result of the above experiment.
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[0412] Difference between the comparison example and this embodiment is only difference made by the high-voltage
power source.
[0413] Heretofore, when a secondary transfer current value is larger by 10 µA or more than a primary transfer current
value, the remarkable deterioration of the quality of an image occurs. However, according to the present invention, a
high quality of image can be acquired independent of environment and the type of paper.

<For stabilizing the efficiency of primary transfer>

[0414] (1) The primary transfer high-voltage power source is set to 500 V. Current which flows during primary transfer
is approximately 20 to 50 µA.
[0415] Since the primary transfer roller (primary transfer backup roller) 320 and the used additive to toner are the
same as those in the previously described embodiment, the description thereof will be omitted.
[0416] Further, the following modification is also possible.
[0417] The following description is mainly related to a transfer process:
[0418] (1) The intermediate transfer belt 360 without an end is formed by coating a sheet-shaped PET in which
aluminum is deposited, with urethane paint in which PEFT particles and tin oxide as conductive material are dispersed,
and by bonding both ends by ultrasonic welding.
[0419] Difference in a level made by bonding both ends is set to 50 µm or less and desirably set to 30 µm or less.
Young's modulus of the paint is set to approximately 1.5 x 104 kgf/cm2. The surface resistivity of the paint is set to
approximately 104 to 1012 Ω/h, and the surface roughness is set to Rmax 1 µm (desirably 0.7 µm) or less. For the
constitution of an electrode, a conductive layer is printed on the surface of aluminum at an end, and bias is applied by
the roller electrode 600 (1 MΩ or less). The primary transfer member may be also a brush, a blade, etc. except the
roller electrode in this embodiment. It is important that the resistance of the primary transfer member is 1 MΩ or less.
[0420] The efficiency of transfer and the facility of cleaning can be enhanced by setting as described above.
[0421] (2) A resistor 5 MΩ is connected in parallel to the primary transfer high-voltage power source for constant-
voltage control. The primary transfer high-voltage power source applias primary transfer voltage until secondary trans-
fer is finished.
[0422] The primary transfer roller (primary transfer backup roller) functions only as a backup roller.
[0423] Even if secondary transfer current is larger than primary transfer current, the deterioration of an image due
to interference in simultaneous primary and secondary transfer can be avoided by constructing an electrode and a

[Table 8]
s: No image quality deterioration
∆: Change is seen, however, within allowable level
x: Remarkable image quality deterioration

Temp.,
Humidity,
Environment

Type of
recording
medium

Primary transfer
output current

Secondary
transfer output
current

Image quality
deteriorationin
at simultaneous
transfer

Image quality
deteriorationin
at simultaneous
transfer

This
embodiment

Comparison
example

10°C, 15%,
RH

OHP sheet 20 µA 30 µA s ∆

10°C, 15%,
RH

Xerox 4024 20 µA 30 µA s ∆

23°C, 65%,
RH

Xerox 4024 35 µA 30 µA s s

23°C, 65%,
RH

Postal card 35 µA 60 µA s x

35°C, 65%,
RH

OHP sheet 50 µA 30 µA s s

35°C, 65%,
RH

Xerox 4024 50 µA 150 µA s x
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power source as described above.
[0424] Table 9 shows the result of the above experiment.

[0425] Difference between the comparison example and this embodiment depends upon only whether a resistor is
connected in parallel to the high-voltage power source or not.
[0426] The characters I1 and I2 in the table are the same as described before.
[0427] Heretofore, when a secondary transfer current value is larger by 10 µA or more than a primary transfer current
value, the remarkable deterioration of the quality of an image occurs. However, according to the present invention, a
high quality of image can be acquired independent of environment and the type of paper.
[0428] According to the intermediate transfer unit of the invention, since the control of the high-voltage power source
is optimized and the resistance of the primary transfer member is optimized, the deterioration of the quality of an image
in simultaneous primary and secondary transfer can be inhibited independent of environment and the type of paper.
[0429] A recording medium carrier system used for an image formation apparatus of a type in which a toner image
formed according to an electrophotographic method is transferred and fixed onto a recording medium S, comprises:
a paper feed mechanism 24, 31, 33 for carrying a recording medium S to a transfer part, a transferring mechanism 12,
13 for transferring a toner image onto a recording medium, a fixing mechanism 50 for fixing the transferred toner image
on the recording medium, and an ejecting mechanism 60 for ejecting the recording medium from a fixing part, wherein
the paper feed mechanism 24, 31, 33, the transferring mechanism 12, 13, the fixing mechanism 50, and the ejecting
mechanism 60 are respectively constructed as an independent unit.
[0430] The paper feed unit 24, 31, 33 includes pairs of rollers 31, 33, and a carriage speed of each of the pairs of
rollers 31, 33 is set so that the closer said pair of rollers are to a pair of gate rollers 35, the slower the carriage speed
of said pair of rollers 31, 33 is.
[0431] The paper feed unit includes pairs of rollers 31, 33, and a free rotation torque of each of the pairs of rollers
31, 33 is smaller than that of a pair of gate rollers 35.
[0432] A carriage speed of the paper ejecting unit 60 is faster than that of the fixing unit 50, and a carriage speed of
a pair of paper ejecting rollers 62, 64 on a downstream side in a carriage direction in the paper ejecting unit 60 is faster
than that of a pair of paper ejecting rollers on an upstream side.
[0433] The paper feed unit 24, 31, 33 includes pairs of rollers 31, 33, and a carrying capacity of each of said pairs
of rollers 31, 33 is set so that the closer a pair of carrier rollers 31, 33 are to a downstream side in a carriage direction,
the larger the carrying capacity of the pair of rollers 31, 33 is.

[Table 9]
s: No image quality deterioration
∆: Change is seen, however, within allowable level
x: Remarkable image quality deterioration

Temp.,
Humidity,
Environment

Type of
recording
medium

Primary transfer
current I1

Secondary
transfer current
I2

Image quality
deterioration at
simultaneous
transfer

Image quality
deterioration at
simultaneous
transfer

This
embodiment

Comparison
example

10°C, 15%,
RH

OHP sheet 20 µA 30 µA s ∆

10°C, 15%,
RH

Xerox 4024 20 µA 30 µA s ∆

23°C, 65%,
RH

Xerox 4024 35 µA 30 µA s s

23°C, 65%,
RH

Postal card 35 µA 60 µA s x

35°C, 65%,
RH

OHP sheet 50 µA 30 µA s s

35°C, 65%,
RH

Xerox 4024 50 µA 150 µA s x



EP 1 014 202 B1

5

10

15

20

25

30

35

40

45

50

55

34

Claims

1. An intermediate transfer unit comprising:an intermediate transfer belt (360) to which a toner image formed on a
photoconductive drum (110) is primarily transferred and which secondarily transfers the toner image onto a re-
cording medium (S); and
a driving roller (310) for circulating said intermediate transfer belt (360),
characterised in that
a primary transfer position (T1) where said intermediate transfer belt (360) is brought into contact with said pho-
toconductive drum (110) to primarily transfer said toner image, is disposed in the vicinity of said driving roller (310)
upstream thereof with regard to a circulating direction of said intermediate transfer belt (360).

2. The intermediate transfer unit according to claim 1, further comprising:

a primary transfer member (320) for primarily transferring the toner image formed on the photoconductive
drum (110); and

a secondary transfer roller (380) for secondarily transferring the toner image onto the recording medium (S),

wherein said intermediate transfer belt (360) has a joint;
wherein when no image is formed, an electric field in direction in which toner is returned from said secondary
transfer roller (380) to said intermediate transfer belt (360), is formed while said secondary transfer roller (380)
presses on said intermediate transfer belt (360), and
wherein when the joint of said intermediate transfer belt (360) is opposite to said secondary transfer roller (380),
said secondary transfer roller (380) is detached from said intermediate transfer belt (360).

3. The intermediate transfer unit according to claim 1 or 2, wherein said intermediate transfer belt (360) includes
dispersed fluoric particulates at least in its surface layer, and said secondary transfer roller (380) is pressed onto
said intermediate transfer belt (360) under a linear pressure of 0.265 N/mm (27 gf/mm) or less.

4. The intermediate transfer unit according to claim 3, wherein a hardness of said secondary transfer roller (380) is
70° or less in case the hardness is measured by Asker-C hardness meter.

5. The intermediate transfer unit according to claim 3 or 4, wherein plural types of additives different in a particle
diameter are added in toner, and a surface coverage of the additives to the toner is 2 or more.

6. The intermediate transfer unit according to any one of claims 3 to 5, wherein the toner image transferred on said
intermediate transfer belt (360) is 1.5 mg/cm2 or less.

7. The intermediate transfer unit according to any one of claims 1 to 6, wherein toner is coated with an additive at a
surface coverage of 2 or more, and said secondary transfer roller (380) is pressed onto said intermediate transfer
belt (360) under a linear pressure of 0.147 N/mm (15 gf/mm) or more.

8. The intermediate transfer unit according to claim 7, wherein hardness of said secondary transfer roller is 50° or
more in case the hardness is measured by Asker-C hardness meter.

9. The intermediate transfer unit according to claim 7 or 8, wherein plural types of additives different in a particle
diameter are added in the toner.

10. The intermediate transfer unit according to any one of claims 7 to 9, wherein the toner image transferred on said
intermediate transfer belt (360) is 1.5 mg/cm2 or less.

11. The intermediate transfer unit according to one of claims 1 to 10, further comprising:

said primary transfer means (320) disposed inside said intermediate transfer belt (360), said intermediate
transfer belt (360) being held and carried between the photoconductive drum (110) and said primary transfer
means (320) at a primary transfer position;

backup means (350) disposed inside said intermediate transfer belt (360);
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and

said secondary transfer means (380) disposed outside said intermediate transfer belt (360), said intermediate
transfer belt (360) being held and carried between said backup means (350) and said secondary transfer
means (380) at a secondary transfer position, wherein a loose apparent density of toner is 0.35 g/cm3 or more,
shape factor SF-1 of the toner is 150 or less, and shape factor SF-2 is 140 or less.

12. The intermediate transfer unit according to one of claims 1 to 11, further comprising: said primary transfer means
(320) disposed inside said intermediate transfer belt (360) at a primary transfer position where the toner image
formed on the photoconductive drum (110) is primarily transferred; and
said secondary transfer means (380) disposed outside said intermediate transfer belt (110) at a secondary transfer
position where the toner image is secondarily transferred,
wherein a load of said secondary transfer means (380) is larger than a load of said primary transfer means (320).

13. The intermediate transfer unit according to claim 12, wherein said primary and secondary transfer means are
pressed against said intermediate transfer belt (360) such that a ratio of the load of said secondary transfer means
(380) to the load of said primary transfer means (320) is 1.5 or more.

14. The intermediate transfer unit according to one of claims 1 to 13, wherein hardness of said secondary transfer
means (380) is higher than that of said primary transfer means (320).

15. The intermediate transfer unit according to claim 14, wherein hardness of said secondary transfer means (380) is
higher than that of said primary transfer means (320) by 10 degrees or more when measured by Asker-C hardness
meter.

16. The intermediate transfer unit according to one of claims 1 to 15, further comprising:

said primary transfer member (320) disposed at a rear of said intermediate transfer belt (360); and

a high-voltage power source for applying bias to said primary transfer member (320) so that the toner image
formed on the photoconductive drum (110) is primarily transferred onto said intermediate transfer belt (360),

wherein said primary transfer member (320) has a resistance of 106 to 108 Ω,
wherein said intermediate transfer belt (360) has a surface resistivity of 108 to 1012 Ω/h, and a volume resistivity
of 108 to 1012 Ωcm, and
wherein said high-voltage power source makes constant-current control when impedance in a primary transfer
part is large, and makes constant-voltage control when the impedance is small.

17. The intermediate transfer unit according to claim 16, wherein said primary transfer member (320) is an elastic
roller made of an electric conductor by carbon.

18. The intermediate transfer unit according to claim 16 or 17, wherein hardness of said primary transfer member
(320) is 40° to 50° when measured by Asker-C hardness meter; and a load onto said photoconductive drum (110)
by said primary transfer member (320) is 28 to 98 g/cm.

19. The intermediate transfer unit according to any one of claims 16 to 18, wherein two or more types of additives
different in a particle diameter are added to toner.

20. The intermediate transfer unit according to claim 19, wherein an added quantity of an additive with a large particle
diameter among the additives added to the toner is 0.5 to 4.0 wt%; and an added quantity of an additive with a
small particle diameter is 1.5 to 4.0 wt%.

21. The intermediate transfer unit according to one of claims 1 to 20, further comprising:

a backup roller (350) disposed inside said intermediate transfer belt (360);

said secondary transfer member (380) pressed upon said backup roller (350); and
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a high-voltage power source for applying bias to said secondary transfer member (380) so that the primarily
transferred toner image is secondarily transferred onto the recording medium (S),

wherein said secondary transfer member (380) has a resistance of 106 to 108 Ω,
wherein said intermediate transfer belt (360) has a surface resistivity of 108 to 1012 Ω/h, and a volume resistivity
of 108 to 1012 Ωcm, and
wherein said high-voltage power source makes constant-current control when impedance in a secondary transfer
part is large, and makes constant-voltage control when the impedance is small.

22. The intermediate transfer unit according to claim 21, wherein said secondary transfer member (380) is an elastic
roller made of an electric conductor by an ion conductive material.

23. The intermediate transfer unit according to claim 21 or 22, wherein hardness of said secondary transfer member
(380) is 55 to 65° when measured by Asker-C hardness meter; and a load onto said backup roller (350) by said
secondary transfer member (380) is 150 to 270 g/cm.

24. The intermediate transfer unit according to any one of claims 21 to 23, wherein two or more types of additives
different in a particle diameter are added to toner.

25. The intermediate transfer unit according to claim 24, wherein an added quantity of an additive with a large particle
diameter among the additives added to the toner is 0.5 to 4.0 wt%, and an added quantity of an additive with a
small particle diameter is set to 1.5 to 4.0 wt%.

26. The intermediate transfer unit according to one of claims 1 to 25, further comprising:

said primary transfer member (320) arranged at a rear of said intermediate transfer belt (360);

a high-voltage power source for appyling bias to said primary transfer member (320) so that the toner image
formed on the photoconductive drum (110) is primarily transferred onto said intermediate transfer belt (360);

a backup roller (350) disposed inside said intermediate transfer belt (360); and

said secondary transfer member (380) pressed upon said backup roller (350);

a high-voltage power source for applying bias to said secondary transfer member (380) so that the primarily
transferred toner image is secondarily transferred onto the recording medium (S),

wherein said primary transfer member (320) and said secondary transfer member (380) are formed by an elastic
body; and
wherein variation of resistance of said secondary transfer member (380) due to environment is larger than that of
said primary transfer member (320).

27. The intermediate transfer unit according to claim 26, wherein said primary transfer member (320) is an elastic
roller made of an electric conductor by carbon black.

28. The intermediate transfer unit according to claim 26 or 27, wherein said secondary transfer member (380) is an
elastic roller made of an electric conductor by ion conductive material.

29. The intermediate transfer unit according to one of claims 1 to 28, further comprising:

said primary transfer member (320) disposed at a position different from a primary transfer part on a surface
of said intermediate transfer belt (360);

a high-voltage power source for applying bias to said primary transfer member (320) so that the toner image
formed on the photoconductive drum (110) is primarily transferred onto said intermediate transfer belt (360);
and

said secondary transfer member (380), the toner image being secondarily transferred onto the recording me-
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dium (S) by applying bias to said secondary transfer member (380),

wherein a backup member (350) in said primary transfer part is an elastic body,
wherein a resistance value of said primary transfer member (320) is 1 MΩ or less, and
wherein said high-voltage power source for applying bias to said primary transfer member (320) makes current
absorbable constant-voltage control.

30. The intermediate transfer unit according to one of claims 1 to 29, further comprising:

said primary transfer member (320) disposed at a position different from a primary transfer part on a surface
of said intermediate transfer belt (360);

a high-voltage power source for applying bias to said primary transfer member (320) so that the toner image
formed on the photoconductive drum (110) is primarily transferred onto said intermediate transfer belt (360);
and

said secondary transfer member (380), the toner image being secondarily transferred onto the recording me-
dium (S) by applying bias to said secondary transfer member (380),

wherein a backup member (350) in said primary transfer part is an elastic body,
wherein a resistance value of said primary transfer member (320) is 1 MΩ or less, and
wherein a resistor is connected in parallel to said high-voltage power source for applying bias to said primary
transfer member (320).

Patentansprüche

1. Zwischenübertragungseinheit, umfassend:

einen Zwischenübertragungsriemen (360), zu welchem ein auf einer photoleitfähigen Trommel (110) gebilde-
tes Tonerbild primär übertragen wird und welcher sekundär das Tonerbild auf ein Aufzeichnungsmedium (S)
überträgt; und

eine Antriebsrolle (310), um den Zwischenübertragungsriemens (360) umlaufen zu lassen,

dadurch gekennzeichnet, daß
eine primäre Übertragungsposition (T1), wo der Zwischenübertragungsriemen (360) mit der photoleitfähigen Trom-
mel (110) in Kontakt gebracht wird, um primär das Tonerbild zu übertragen, in der Nähe der Antriebsrolle (310)
flussaufwärts davon mit Bezug auf eine Umlaufrichtung des Zwischenübertragungsriemens (360) angeordnet ist.

2. Zwischenübertragungseinheit nach Anspruch 1, weiterhin umfassend:

ein primäres Übertragungsglied (320) zum primären Übertragen des Tonerbildes, welches auf der photoleit-
fähigen Trommel (110) gebildet ist;

eine sekundäre Übertragungsrolle (380) zum sekundären Übertragen des Tonerbildes auf das Aufzeichnungs-
medium (S),

wobei der Zwischenübertragungsriemen (360) eine Naht aufweist;
wobei, wenn kein Bild gebildet ist, ein elektrisches Feld in einer Richtung, in welcher Toner von der sekundären
Übertragungsrolle (380) zu dem Zwischenübertragungsriemen (360) zurückgegeben wird, gebildet wird, während
die sekundäre Übertragungsrolle (380) auf den Zwischenübertragungsriemen (360) drückt, und
wobei, wenn die Naht des Zwischenübertragungsriemens (360) gegenüber der sekundären Übertragungsrolle
(380) angeordnet ist, die sekundäre Übertragungsrolle (380) von dem Zwischenübertragungsriemen (360) abge-
löst ist.

3. Zwischenübertragungseinheit nach Anspruch 1 oder 2, wobei der Zwischenübertragungsriemen (360) dispergierte
Fluor-Teilchen wenigstens in seiner Oberflächenschicht umfaßt, und wobei die sekundäre Übertragungsrolle (380)
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auf den Zwischenübertragungsriemen (360) unter einem linearen Druck von 0,265 N/mm (27 gf/mm) oder weniger
gedrückt wird.

4. zwischenübertragungseinheit nach Anspruch 3, wobei eine Härte der sekundären Übertragungsrolle (380) 70°
oder weniger beträgt, für den Fall, daß die Härte mit einem Asker-C-Härtemessgerät gemessen wird.

5. Zwischenübertragungseinheit nach Anspruch 3 oder 4, wobei verschiedene Typen von Additiven, welche in einem
Partikeldurchmesser verschieden sind, zu dem Toner hinzugefügt sind, und wobei eine Oberflächenbedeckung
der Additive zu dem Toner 2 oder mehr beträgt.

6. Zwischenübertragungseinheit nach einem der Ansprüche 3 bis 5, wobei das Tonerbild, welches auf den Zwischen-
übertragungsriemen (360) übertragen worden ist, 1,5 mg/cm2 oder weniger beträgt.

7. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 6, wobei Toner mit einem Additiv bei einer Ober-
flächenbedeckung von 2 oder mehr beschichtet ist, und wobei die sekundäre Übertragungsrolle (380) auf den
Zwischenübertragungsriemen (360) unter einem linearen Druck von 0,147 N/mm (15 gf/mm) oder mehr gedrückt
wird.

8. Zwischenübertragungseinheit nach Anspruch 7, wobei eine Härte der sekundären Übertragungsrolle 50° oder
mehr beträgt, für den Fall, daß die Härte mit einem Asker-C-Härtemessgerät gemessen wird.

9. Zwischenübertragungseinheit nach Anspruch 7 oder 8, wobei verschiedene Typen von Additiven, welche in einem
Partikeldurchmesser verschieden sind, zu dem Toner hinzugefügt sind.

10. Zwischenübertragungseinheit nach einem der Ansprüche 7 bis 9, wobei das Tonerbild, welches auf den Zwischen-
übertragungsriemen (360) übertragen ist, 1,5 mg/cm2 oder weniger beträgt.

11. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 10, weiterhin umfassend:

die primären Übertragungsmittel (320), welche innerhalb des Zwischenübertragungsriemens (360) angeord-
net sind, wobei der Zwischenübertragungsriemen (360) zwischen der photoleitfähigen Trommel (110) und den
primären Übertragungsmitteln (320) an einer primären Übertragungsposition gehalten und getragen ist;

Druck-Mittel (350), welche innerhalb des Zwischenübertragungsriemens (360) angeordnet sind; und

die sekundären Übertragungsmittel (380), welche außerhalb des Zwischenübertragungsriemens (360) ange-
ordnet sind, wobei der Zwischenübertragungsriemen (360) zwischen den Druck-Mitteln (350) und den sekun-
dären Übertragungsmitteln (380) bei einer sekundären Übertragungsposition gehalten und getragen ist, wobei
eine lockere Roh-Dichte des Toners 0,35 g/cm3 oder mehr ist, ein Formfaktor SF-1 des Toners 150 oder
weniger ist, und ein Formfaktor SF-2 140 oder weniger ist.

12. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 11, weiterhin umfassend:

die primären Übertragungsmittel (320), welche innerhalb des Zwischenübertragungsriemens (360) bei einer
primären Übertragungsposition angeordnet sind, wo das Tonerbild auf der photoleitfähigen Trommel (110)
primär übertragen wird; und

die sekundären Übertragungsmitteln (320), welche außerhalb des Zwischenübertragungsriemens (119) an
einer sekundären Übertragungsposition angeordnet sind, wo das Tonerbild sekundär übertragen wird;

wobei eine Last der sekundären Übertragungsmittel (380) größer ist als eine Last der primären Übertragungsmittel
(320).

13. Zwischenübertragungseinheit nach Anspruch 12, wobei die primären und sekundären Übertragungsmittel gegen
den Zwischenübertragungsriemen (360) derartig gedrückt werden, daß ein Verhältnis der Last der sekundären
Übertragungsmittel (380) zu der Last der primären Übertragungsmittel (320) 1,5 oder mehr beträgt.

14. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 13, wobei die Härte der sekundären Übertragungs-
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mittel (380) höher ist als die der primären Übertragungsmittel (320).

15. Zwischenübertragungseinheit nach Anspruch 14, wobei die Härte der sekundären Übertragungsmittel (380) höher
ist, als die der primären Übertragungsmittel (320), und zwar um 10° oder mehr, wenn mit einem Asker-C-Härte-
messgerät gemessen wird.

16. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 15, weiterhin umfassend:

das primäre Übertragungsglied (320), welches an einer Rückseite des Zwischenübertragungsriemens (360)
angeordnet ist; und

ein Hochspannungsnetzteil zum Anlegen einer Vorspannung an das primäre Übertragungsglied (320), so daß
das Tonerbild, welches auf der photoleitfähigen Trommel (110) gebildet ist, primär auf den Zwischenübertra-
gungsriemen (360) übertragen wird,

wobei das primäre Übertragungsglied (320) einen Widerstand von 106 bis 108 Ω aufweist, wobei der Zwischen-
übertragungsriemen (360) einen spezifischen Oberflächenwiderstand von 108 bis 1012 Ω/h, und einen spezifi-
schen Volumenwiderstand von 108 bis 1012 Ωcm aufweist, und
wobei das Hochspannungsnetzteil eine Konstantstromsteuerung ausführt, wenn eine Impedanz in einem primären
Übertragungsteil hoch ist, und Konstantspannungssteuerung ausführt, wenn die Impedanz klein ist.

17. Zwischenübertragungseinheit nach Anspruch 16, wobei das primäre Übertragungsglied (320) eine elastische Rolle
ist, welche aus einem elektrischen Leiter aus Kohlenstoff hergestellt ist.

18. Zwischenübertragungseinheit nach Anspruch 16 oder 17, wobei die Härte des primären Übertragungsgliedes (320)
40° bis 50° beträgt, wenn mit einem Asker-C-Härtemessgerät gemessen wird; und wobei eine Last auf der pho-
toleitfähigen Trommel (110) durch das primäre Übertragungsglied (320) 28 bis 98 g/cm beträgt.

19. zwischenübertragungseinheit nach einem der Ansprüche 16 bis 18, wobei zwei oder mehr Typen von Additiven,
welche in einem Partikeldurchmesser verschieden sind, zu dem Toner hinzugefügt sind.

20. Zwischenübertragungseinheit nach Anspruch 19, wobei eine hinzugefügte Menge eines Additivs mit einem großen
Partikeldurchmesser unter den zu dem Toner hinzugefügten Additiven 0,5 bis 4,0 Gew.-% beträgt; und wobei eine
hinzugefügte Menge eines Additivs mit einem Klein-Partikel-Durchmesser 1,5 bis 4,0 Gew.-% beträgt.

21. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 20, weiterhin umfassend:

eine Druck-Rolle (350), welche innerhalb des Zwischenübertragungsriemens (360) angeordnet ist;

das sekundäre Übertragungsglied (380), welches auf die Druck-Rolle (350) gedrückt wird; und

ein Hochspannungsnetzteil zum Anlegen einer Vorspannung an das sekundäre Übertragungsglied (380), so
daß das primär übertragene Tonerbild sekundär auf das Aufzeichnungsmedium (S) übertragen wird,

wobei das sekundäre Übertragungsglied (380) einen Widerstand von 106 bis 108 Ω aufweist,
wobei der Zwischenübertragungsriemen (360) einen spezifischen Oberflächenwiderstand von 108 bis 1012 Ω/h,
und einen spezifischen Volumenwiderstand von 108 bis 1012 Ωcm aufweist, und
wobei das Hochspannungsnetzteil eine Konstantstromsteuerung ausführt, wenn Impedanz in einem sekundären
Übertragungsteil groß ist, und Konstantspannungssteuerung ausführt, wenn die Impedanz klein ist.

22. Zwischenübertragungseinheit nach Anspruch 21, wobei das sekundäre Übertragungsglied (380) eine elastische
Rolle ist, welche aus einem elektrischen Leiter aus ionenleitfähigem Material hergestellt ist;

23. Zwischenübertragungseinheit nach Anspruch 21 oder 22, wobei Härte des sekundären Übertragungsglieds (380)
55° bis 56° Grad beträgt, wenn mit einem Asker-C-Härtemessgerät gemessen wurde; und wobei eine Last auf die
Druck-Rolle (350) durch das sekundäre Übertragungsglied (380) 150 bis 270 g/cm beträgt.

24. Zwischenübertragungseinheit nach einem der Ansprüche 21 bis 23, wobei zwei oder mehr Typen von Additiven,
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welche in einem Partikeldurchmesser verschieden sind, zu dem Toner hinzugefügt sind.

25. Zwischenübertragungseinheit nach Anspruch 24, wobei eine hinzugefügte Menge eines Additivs mit einem großen
Partikeldurchmesser unter den zu den Toner hinzugefügten Additiven 0,5 bis 4,0 Gew.-% beträgt, und wobei eine
hinzugefügte Menge eines Additivs mit einem Kleinpartikeldurchmesser auf 1,5 bis 4,0 Gew.-% gesetzt ist.

26. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 25, weiterhin umfassend:

das primäre Übertragungsglied (320), welches an einer Rückseite des Zwischenübertragungsriemens (360)
angeordnet ist,

ein Hochspannungsnetzteil zum Anlegen einer Vorspannung an das primäre Übertragungsglied (320), so daß
das auf der photoleitfähigen Trommel (110) gebildete Tonerbild primär auf den Zwischenübertragungsriemen
(360) übertragen wird;

eine Druck-Rolle (350), welche innerhalb des Zwischenübertragungsriemens (360) angeordnet ist; und

das sekundäre Übertragungsglied (380), welches auf die Druck-Rolle (350) gedrückt ist;

ein Hochspannungsnetzteil zum Anlegen einer vorspannung an das sekundäre Übertragungsglied (380), so
daß das primär übertragene Tonerbild sekundär auf das Aufzeichnungsmedium (S) übertragen wird,

wobei das primäre Übertragungsglied (320) und das sekundäre Übertragungsglied (380) durch einen elastischen
Körper gebildet sind; und
wobei Abweichung des Widerstands des sekundären Übertragungsglieds (380) aufgrund der Umgebung größer
ist als die des primären Übertragungsglieds (320).

27. Zwischenübertragungseinheit nach Anspruch 26, wobei das primäre Übertragungsglied (320) eine elastische Rolle
ist, welche aus einem elektrischen Leiter durch Ruß hergestellt ist.

28. Zwischenübertragungseinheit nach Anspruch 26 oder 27, wobei das sekundäre Übertragungsglied (380) eine ela-
stische Rolle ist, welche aus einem elektrischen Leiter aus ionenleitfähigem Material hergestellt ist.

29. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 28, weiterhin umfassend:

das primäre Übertragungsglied (320), welches an einer von einem primären Übertragungsteil verschiedenen
Position auf einer Oberfläche des Zwischenübertragungsriemens (360) angeordnet ist;

ein Hochspannungsnetzteil zum Anlegen einer Vorspannung an das primäre Übertragungsglied (320), so daß
das auf der photoleitfähigen Trommel (110) gebildete Tonerbild primär auf den Zwischenübertragungsriemen
(360) übertragen wird; und

das sekundäre Übertragungsglied (380), wobei das Tonerbild sekundär auf das Aufzeichnungsmedium (S)
durch Anlegen einer Vorspannung an das sekundäre Übertragungsglied (380) übertragen wird,

wobei ein Druck-Glied (350) in dem primären Übertragungsteil ein elastischer Körper ist,
wobei ein Widerstandswert des primären Übertragungsgliedes (320) 1 MΩ oder weniger beträgt, und
wobei das Hochspannungsnetzteil zum Anlegen einer Vorspannung an das primäre Übertragungsglied (320) eine
stromabsorbierbare Konstantspannungssteuerung ausführt.

30. Zwischenübertragungseinheit nach einem der Ansprüche 1 bis 29, weiterhin umfassend:

das primäre Übertragungsglied (320), welches an einer von einem primären Übertragungsteil verschiedenen
Position auf einer Oberfläche des Zwischenübertragungsriemens (360) angeordnet ist;

ein Hochspannungsnetzteil zum Anlegen einer Vorspannung an das primäre Übertragungsglied (320), so daß
das auf der photoleitfähigen Trommel (110) gebildete Tonerbild primär auf den Zwischenübertragungsriemen
(360) übertragen wird;
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das sekundäre Übertragungsglied (380), wobei das Tonerbild sekundär auf das Aufzeichnungsmedium (S)
durch Anlegen einer Vorspannung an das sekundäre Übertragungsglied (380) übertragen wird,

wobei ein Druck-Glied (350) in dem primären Übertragungsteil ein elastischer Körper ist,
wobei ein Widerstandswert des primären Übertragungsgliedes (320) 1 MΩ oder weniger beträgt, und
wobei ein Widerstand parallel mit dem Hochspannungsnetzteil zum Anlegen einer Vorspannung an das primäre
Übertragungsglied (320) verbunden ist.

Revendications

1. Unité de report intermédiaire, comprenant une courroie (360) de report intermédiaire sur laquelle une image de
développateur formée sur un tambour photoconducteur (110) est reportée de façon primaire et qui reporte de façon
secondaire l'image de développateur sur un support d'enregistrement (S), et

un rouleau menant (310) destiné à faire circuler la courroie de report intermédiaire (360),
caractérisée en ce que
une position de report primaire (T1) à laquelle la courroie de report intermédiaire (360) est mise au contact

du tambour photoconducteur (110) pour le report primaire de l'image de développateur, est disposée au voisinage
du rouleau menant (310) qui est disposé en amont compte tenu de la direction de circulation de la courroie de
report intermédiaire (360).

2. Unité de report intermédiaire selon la revendication 1, comprenant en outre :

un organe de report primaire (320) destiné à reporter de façon primaire l'image de développateur formée sur
le tambour photoconducteur (110), et
un rouleau de report secondaire (380) destiné à reporter de façon secondaire l'image de développateur sur
le support d'enregistrement (S),

dans laquelle la courroie de report intermédiaire (360) a un raccord,
dans laquelle, lorsqu'aucune image n'est formée, un champ électrique dans la direction dans laquelle le

développateur est renvoyé du rouleau de report secondaire (380) vers la courroie de report intermédiaire (360)
est formé alors que le rouleau de report secondaire (380) exerce une pression sur la courroie de report intermédiaire
(360), et

dans laquelle, lorsque le raccord de la courroie de report intermédiaire (360) est en face du rouleau de report
secondaire (380), le rouleau de report secondaire (380) se sépare de la courroie de report intermédiaire (360).

3. Unité de report intermédiaire selon la revendication 1 ou 2, dans laquelle la courroie de report intermédiaire (360)
comporte des particules fluorées dispersées au moins dans sa couche de surface, et le rouleau de report secon-
daire (380) est repoussé par pression sur la courroie de report intermédiaire (360) avec une pression linéaire
inférieure ou égale à 0,265 N/mm (27 g/mm).

4. Unité de report intermédiaire selon la revendication 3, dans laquelle la dureté du rouleau de report secondaire
(380) est inférieure ou égale à 70° lorsque la dureté est mesurée par un appareil de mesure de dureté Asker-C.

5. Unité de report intermédiaire selon la revendication 3 ou 4, dans laquelle plusieurs types d'adjuvants différents
par leur diamètre particulaire sont ajoutés dans le développateur, et la couverture de surface de développateur
par les adjuvants est supérieure ou égale à 2.

6. Unité de report intermédiaire selon l'une quelconque des revendications 3 à 5, dans laquelle l'image de dévelop-
pateur reportée sur la courroie de report intermédiaire (360) a une densité inférieure ou égale à 1,5 mg/cm2.

7. Unité de report intermédiaire selon l'une quelconque des revendications 1 à 6, dans laquelle le développateur est
revêtu d'un adjuvant avec une couverture de surface supérieure ou égale à 2, et le rouleau de report secondaire
(380) est appliqué par pression sur la courroie de report intermédiaire (360) avec une pression linéaire supérieure
ou égale à 0,147 N/mm (15 g/mm).

8. Unité de report intermédiaire selon la revendication 7, dans laquelle la dureté du rouleau de report secondaire est
supérieure ou égale à 50° lorsque la dureté est mesurée par un appareil de mesure de dureté Asker-C.
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9. Unité de report intermédiaire selon la revendication 7 ou 8, dans laquelle plusieurs types d'adjuvants différents
par leur diamètre particulaire sont ajoutés dans le développateur.

10. Unité de report intermédiaire selon l'une quelconque des revendications 7 à 9, dans laquelle l'image de dévelop-
pateur reportée sur la courroie de report intermédiaire (360) a une densité inférieure ou égale à 1,5 mg/cm2.

11. Unité de report intermédiaire selon l'une des revendications 1 à 10, dans laquelle :

le dispositif de report primaire (320) est disposé à l'intérieur de la courroie de report intermédiaire (360), la
courroie de report intermédiaire (360) étant supportée et transportée entre le tambour photoconducteur (110)
et le dispositif de report primaire (320) à une position de report primaire,
un dispositif d'appui (350) disposé à l'intérieur de la courroie de report intermédiaire (360), et
le dispositif de report secondaire (380) est disposé à l'extérieur de la courroie du report intermédiaire (360),
la courroie de report intermédiaire (360) étant supportée et transportée entre le dispositif d'appui (350) et le
dispositif de report secondaire (380) à une position de report secondaire, la masse volumique apparente du
développateur à l'état fluide étant supérieure ou égale à 0,35 g/cm3, le facteur de forme SF-1 du développateur
étant inférieur ou égal à 150 et son facteur de forme SF-2 étant inférieur ou égal à 140.

12. Unité de report intermédiaire selon l'une des revendications 1 à 11, dans laquelle :

le dispositif de report primaire (320) est disposé à l'intérieur de la courroie de report intermédiaire (360) à une
position de report primaire à laquelle l'image de développateur formée sur le tambour photosensible (110)
subit un report primaire, et
le dispositif de report secondaire (380) est disposé à l'extérieur de la courroie de report intermédiaire (110) à
une position de report secondaire à laquelle l'image de développateur subit un report secondaire, et

dans laquelle la charge du dispositif de report secondaire (380) est supérieure à celle du dispositif de report
primaire (320).

13. Unité de report intermédiaire selon la revendication 12, dans laquelle les dispositifs de report primaire et secondaire
sont appliqués par pression contre la courroie de report intermédiaire (360) afin que le rapport de la charge du
dispositif de report secondaire (380) à la charge du dispositif de report primaire (320) soit supérieure ou égale à 1,5.

14. Unité de report intermédiaire selon l'une des revendications 1 à 13, dans laquelle la dureté du dispositif de report
secondaire (380) est supérieure à celle du dispositif de report primaire (320).

15. Unité de report intermédiaire selon la revendication 14, dans laquelle la dureté du dispositif de report secondaire
(380) est supérieure à celle du dispositif de report primaire (320) d'au moins 10°, mesurée par un appareil de
mesure de dureté Asker-C.

16. Unité de report intermédiaire selon l'une des revendications 1 à 15, dans laquelle
l'organe de report primaire (320) est disposé à l'arrière de la courroie de report intermédiaire (360), et
une alimentation à haute tension est destinée à appliquer une polarisation à l'organe de report primaire (320)

afin que l'image de développateur formée sur le tambour photoconducteur (110) soit essentiellement reportée sur
la courroie de report intermédiaire (360),

dans laquelle l'organe de report primaire (320) a une résistance comprise entre 106 et 108 Ω,
dans laquelle la courroie de report intermédiaire (360) a une résistivité de surface comprise entre 108 et 1012

Ω/h, et une résistivité en volume comprise entre 108 et 1012 Ω.cm, et
dans laquelle l'alimentation à haute tension assure un réglage de courant constant lorsque l'impédance dans

une partie de report primaire est élevée, et assure un réglage à tension constante lorsque l'impédance est faible.

17. Unité de report intermédiaire selon la revendication 16, dans laquelle l'organe de report primaire (320) est un
rouleau élastique rendu conducteur de l'électricité par du carbone.

18. Unité de report intermédiaire selon la revendication 16 ou 17, dans laquelle la dureté de l'organe de report primaire
(320) est comprise entre 40 et 50°, mesurée par un appareil de mesure de dureté Asker-C, et la charge appliquée
au tambour photoconducteur (110) par l'organe de report primaire (320) est comprise entre 0,275 et 0,96 N/cm
(28 et 98 g/cm).
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19. Unité de report intermédiaire selon l'une quelconque des revendications 16 à 18, dans laquelle deux types au
moins d'adjuvants qui diffèrent par leur diamètre particulaire sont ajoutés au développateur.

20. Unité de report intermédiaire selon la revendication 19, dans laquelle une quantité ajoutée d'un adjuvant de grand
diamètre particulaire, parmi les adjuvants ajoutés au développateur, est comprise entre 0,5 et 4,0 % en poids, et
une quantité ajoutée d'un adjuvant de petit diamètre particulaire est comprise entre 1,5 et 4,0 % en poids.

21. Unité de report intermédiaire selon l'une des revendications 1 à 20, comprenant en outre :

un rouleau d'appui (350) disposé à l'intérieur de la courroie de report intermédiaire (360),
l'organe de report secondaire (380) étant appliqué par pression contre le rouleau d'appui (350), et
une alimentation à haute tension destinée à appliquer une polarisation à l'organe de report secondaire (380)
afin que l'image de développateur ayant subi le report primaire subisse un report secondaire sur un support
d'enregistrement (S),

dans laquelle l'organe de report secondaire (380) a une résistance comprise entre 106 et 108 Ω,
dans laquelle la courroie de report intermédiaire (360) a une résistivité de surface comprise entre 108 et 1012

Ω/h, et une résistivité en volume comprise entre 108 et 1012 Ω/cm, et
dans laquelle l'alimentation à haute tension assure un réglage à courant constant lorsque l'impédance dans

une partie de report secondaire est élevée et un réglage à tension constante lorsque l'impédance est petite.

22. Unité de report intermédiaire selon la revendication 21, dans laquelle l'organe de report secondaire (380) est un
rouleau élastique rendu conducteur de l'électricité par un matériau conducteur ionique.

23. Unité de report intermédiaire selon la revendication 21 ou 22, dans laquelle la dureté de l'organe de report secon-
daire (380) est comprise entre 55 et 65° lorsqu'elle est mesurée par un appareil de mesure de dureté Asker-C, et
une charge appliquée au rouleau d'appui (350) par l'organe de report secondaire (380) est comprise entre 1,47
et 2,65 N/cm (150 et 270 g/cm).

24. Unité de report intermédiaire selon l'une quelconque des revendications 21 à 23, dans laquelle au moins deux
type d'adjuvants différents par leur diamètre particulaire sont ajoutés au développateur.

25. Unité de report intermédiaire selon la revendication 24, dans laquelle une quantité ajoutée d'un adjuvant de grand
diamètre particulaire, parmi les adjuvants ajoutés au développateur, est comprise entre 0,5 et 4,0 % en poids, et
une quantité ajoutée d'un adjuvant de petit diamètre particulaire est comprise entre 1,5 et 4,0 % en poids.

26. Unité de report intermédiaire selon l'une des revendications 1 à 25, dans laquelle :

l'organe de report primaire (320) est disposé à l'arrière de la courroie de report intermédiaire (360), et elle
comprend
une alimentation à haute tension destinée à appliquer une polarisation à l'organe de report primaire (320) de
manière que l'image de développateur formée sur le tambour photoconducteur (110) subisse un report primaire
sur la courroie de report intermédiaire (360),
un rouleau d'appui (350) placé à l'intérieur de la courroie de report intermédiaire (360),
l'organe de report secondaire (380) étant repoussé vers le rouleau d'appui (350), et
une alimentation à haute tension destinée à appliquer une polarisation à l'organe de report secondaire (380)
afin que l'image de développateur ayant subi le report primaire subisse un report secondaire sur le support
d'enregistrement (S),

dans laquelle l'organe de report primaire (320) et l'organe de report secondaire (380) sont formés par un
corps élastique, et

dans laquelle la variation de résistance de l'organe de report secondaire (380) due au milieu environnant
est supérieure à celle de l'organe de report primaire (320).

27. Unité de report intermédiaire selon la revendication 26, dans laquelle l'organe de report primaire (320) est un
rouleau élastique rendu conducteur de l'électricité par du noir de carbone.

28. Unité de report intermédiaire selon la revendication 26 ou 27, dans laquelle l'organe de report secondaire (480)
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est un rouleau élastique rendu conducteur de l'électricité par un matériau conducteur ionique.

29. Unité de report intermédiaire selon l'une des revendications 1 à 28, dans laquelle
l'organe de report primaire (320) a une position différente de celle d'une partie de report primaire sur une

surface de la courroie de report intermédiaire (360), et elle comprend
une alimentation à haute tension destinée à appliquer une polarisation à l'organe de report primaire (320)

afin que l'image de développateur formée sur le tambour photoconducteur (110) subisse un report primaire sur la
courroie de report intermédiaire (360), et

l'organe de report secondaire (380), l'image de développateur étant reportés de façon secondaire sur le
support d'enregistrement (S) par application d'une polarisation à l'organe de report secondaire (380),

dans laquelle l'organe d'appui (350) disposé dans la partie de report primaire est un corps élastique,
dans laquelle la valeur de la résistance de l'organe de report primaire (320) est inférieure ou égale à 1 MΩ, et
dans laquelle l'alimentation à haute tension destinée à appliquer une polarisation à l'organe de report primaire

(320) effectue un réglage à tension constante avec absorption de courant.

30. Unité de report intermédiaire selon l'une des revendications 1 à 29, dans laquelle
l'organe de report primaire (320) occupe une position différente de celle d'une partie de report primaire sur

une surface de la courroie de report intermédiaire (360), et elle comprend
une alimentation à haute tension destinée à appliquer une polarisation à l'organe de report primaire (320)

afin que l'image de développateur formée sur le tambour photoconducteur (110) subisse un report primaire sur la
courroie de report intermédiaire (360), et

l'organe de report secondaire (380), l'image de développateur étant reportée de façon secondaire sur le
support d'enregistrement (S) par application d'une polarisation à l'organe de report secondaire (380),

dans laquelle un organe d'appui (350) placé dans la partie de report primaire est un corps élastique,
dans laquelle la valeur de la résistance de l'organe de report primaire (320) est inférieure ou égale à 1 MΩ, et
dans laquelle une résistance est connectée en parallèle avec l'alimentation à haute tension pour l'application

d'une polarisation à l'organe de report primaire (320).
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